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Damage to the Seed of Douglas-Fir by the 
Douglas-fir Cone Midge 


SERIOUS DAMAGE to the seed of Douglas- 
fir (Pseudotsuga menziesu ( Mirb.) Franco) 
is caused by the larvae of the gall-forming 
midge, Contarinia oregonensis Foote. This 
insect, which will be referred to as the 
Douglas-fir cone midge, destroyed nearly 
50 percent of the 1957 Douglas-fir seed 
crop in certain areas of the Pacific North- 
west. The Douglas-fir cone midge ac- 
counted for damage exceeding that by all 
other cone-infesting insects in western 
Washington during the period 1955-57 
(Johnson, 1958). The total cone and seed 
insect damage can reach such proportions 
as to represent a limiting factor in the pro- 
duction of Douglas-fir seed, 

The objectiy es of this study were: (1) 
To establish the identity of the Itonidid 
larva causing serious damage to the seed of 
Douglas-fir, (2) to gather basic facts on 
its biology ‘ (3) to characterize the damage 
caused to the cone and seed, (4) to test a 
method for sampling the amount of dam- 
aged seed by means of observations on an 
axial slice of the cone, and (5) to deter- 
mine the amount of damage occurring on 
Weyerhaeuser Timber Company tree farms 
in western Washington and Oregon. This 
study on the Douglas-fir cone midge is part 
of a continuing research project on the cone 
and seed insects of Douglas-fir. 

The association of midges (Itonididae ) 
with Douglas-fir cones has been recognized 
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for a long time. Miller (1914) found the 
larvae of “gnats or midges” in the cones of 
nearly all western conifers. He reported 
that the larvae cause small masses of resin 
among the scales without affecting the seed 
seriously. Keen (1952) noted that the 
larvae of gall midges may cause hard 
resinous galls to form on the cone scales 
or in the seeds, but that the damage from 
these insects is usually insignificant. Ru- 
dinsky (1955), indicated that in western 
Washington, cone gall midges were com- 
mon in Douglas-fir cones but rarely de- 
stroyed the seed. Gall midges have been 
reported by Trip and Hedlin (1956) to 
cause damage to seed of white spruce ( Picea 
glauca ( Moench) Voss). Gibler (1954) 
listed eight species of Itonididae infesting 
cones of Picea, Pinus, Larix, and Abies in 

The authors, Forest Entomologist, and for- 
mer Research Assistant, respectively, Wever- 
haeuser Timber Company, Forestry Research 
Center, express appreciation for critical reviews 
to W. H. Cummings, Forestry Research Super- 
visor, F. P. Keen, entomologist, California 
Forest and Range Experiment Station, and 
Alan Hedlin, entomologist, Forest Biology Di- 
vision, Canada Department of Agriculture. We 
also express thanks to Dr. R. H. Foote of the 
U. S. National Museum for identification of 
the insect, and to forestry personnel of Weyer- 
haeuser Timber Company for collecting the 
cones in this study. 
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Europe. He reported as high as 83 percent 
ot Abt s seed destroy ed by the fir seed gall 
midge in certain areas. Foote (1956) has 
described the adult midges associated with 
cones of western conifers. Comtarinia 
oregonensis was one of seven newly de- 
scribed species, of which four were reported 
to attack Douglas-fir cones, Descriptions of 
the immature stages of these species are not 
available and little is known of their biolo- 
vies. Felt (1925) summarizes the general 
biology of the Itonididae and presents keys 
for the adults of many species of this large 
and diversified family of insects. 


Description of Insect 


In order to identify the species of gall. 
forming midge causing damage to Douglas- 
fir seed, it was necessary to isolate larvae 
from the galled cones and rear them to the 
adult stage. An effective rearing method 
was to place the larvae between moist cot- 
ton in screen-bottom containers placed in a 
sand table. Larvae were obtained from in- 
fested Douglas-fir cones collected in 1956 
near Yacolt and Elma, Washington, and 
from 1957 cones collected in eight areas 
in western Washington and Oregon. The 
adults that emerged were identified by 
R. H. Foote of the United States National 
Museum as Contarinia oregonensis Foote. 
The general descriptions of the various 
stages presented here, along with the illus- 
trations in Figure 1, should serve to dis- 
tinguish this species from others occurring 
in Douglas-fir cones. Drawings were made 
from fresh specimens using magnification 
up to 54 XX. Biological information is 
based on periodic observations made in 
southwestern Washington. 

Egg. In shape, the egg is oblong 
approximately 260 w in length and 80 p 
in width. The chorion is smooth and shiny. 
When fresh, the egg is white and translu- 
cent, but after a time numerous fat bodies 
appear inside and impart an orange color 
to the egg. Some of these fat bodies become 
aligned longitudinally in two rows along 
the sides of the egg. Just prior to hatching, 


the larva is discernible within the egg (Fig. 
LA). 

Larva. When newly hatched, the larva 
is about 0.25 mm. long and white except 
for a large orange-pink group of fat bodies 
located just posterior to the middle. The 
body is somewhat flattened dorsoventrally 
and composed of 13 distinct body segments 
and a small retractible head. The spiracles 
on the twelfth segment are raised con- 
spicuously. “The mature larva is 3 to 4 mm. 
long and usually orange-pink, although 
white and orange specimens are encountered 
occasionally. The spiracles on the twelfth 
segment are less apparent than in the newly 
hatched larva. The integument is trans- 
parent and smooth except for the anterior 
ventral folds of segments 3 to 12 which 
show fine transverse striations. On_ the 
ventral surface of the second segment of 
the mature larva is a sclerotized forked 
breastplate and on the last segment is a 
pair of sclerotized, slightly recurved proc- 
esses. The breastplate has taxonomic value, 
serving to separate this species from the 
other species of Itonididae inhabiting Doug- 
las-fir cones. Dimensions of the breastplate 
of 20 mature larvae show the following 
averages and standard deviations: length, 
£33 2 39 bh; width at anterior end, 64 + 
6 bh; width of posterior end, 41 + 5 Bs 
depth of notch, 22 3 bh ( Fig. 1B). 
Pupa. Usually the pupa is slightly shorter 
than the larva. At first it is orange-pink; 
as it matures, the legs and wings turn black, 
due mostly to the black hairs developing on 
the appendages. In the mature pupa, adult 
characteristics are visible through the trans- 
parent pupal skin and sex is distinguished 
readily. Three pairs of appendages, the 
thoracic horns, antennal horns, and _ the 
cephalic setae are of taxonomic importance 
on the pupa. The thoracic horns are 
acuminate, slightly curved processes, which 
protrude outward and forward from the 
prothorax. Their length is slightly greater 
than the distance from the base to the 
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Figure 1. A. Egg with larva visible through chorion, B, Mature larva, ventral view, with forked 
breastplate on the second segment, and posterior projections. C. Pupa (female) with prominent 
thoracic horns, cephalic setae, and antennal horns. D, Adult (male) with long, bead-like antennae 
and upturned genitalia; and contrasting female shorter antenna and ovipositor, partially extended. 
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median suture of the thorax. The sclero- 
tized antennal horns occurring at the base 
of the antennae, appear as irregular tetra- 
hedrons produced to a moderately acute 
point. The inner edge is most heavily 
sclerotized. The edge projecting toward the 
eye terminates in a slightly raised point. In 
Figure 1C, the apex of the antennal horn 
is tilted forward for better illustration. On 
actual specimens, the apex projects per- 
pendicular to the body. Directly behind 
the antennae is a pair of cephalic setae 
arising from slightly raised bases. “Their 
length is approximately 1 1/3 times the 
distance between their bases. 

Adult. The Douglas-fir cone midge is 
a delicate gnat-like insect with long legs 
and antennae. The wings have reduced 
venation, and lie flat over the abdomen 
when at rest. Fresh specimens have bright 
orange abdomens. The male is 2.3 to 2.8 
mm. long with upturned genetalia. The 
funicle of the antenna is composed of 12 
segments, each of which is deeply con- 
stricted in the middle giving the appearance 
of 24 separate bead-like segments (Fig. 
1D). The female is 2.7 to 3.6 mm. long 
excluding the long retractible ovipositor, 
which extends to a greater length than the 
body. The antenna is shorter than in the 
male, and the 12 segments of the funicle 
are only slightly constricted in the middle. 


Biology 


The adults emerge in the spring about the 
time the Douglas-fir conelets are open to 
receive pollen. ‘The female crawls among 
the bracts and with the long ovipositor 
selects a suitable place to oviposit, usually 
on the developing cone scales near the seed. 
The eggs may be laid singly or in clusters. 
Upon hatching, the larva is difficult to find 
in the light colored cone tissue. Feeding 
usually begins on or near the seed, but may 
be elsewhere on the cone scale. Gall for- 
mation begins soon and is evident as early 
as June in western Washington. The de- 
veloping larva which turns pink, becomes 


encased in its own compartment in a single 
or aggregate gall. ‘The mature larva usu- 
ally leaves the Douglas-fir cone late in the 
fall. however, some larvae have been ob- 
served in the old cones as late as the middle 
of February. Like many Itonidid larvae, 
this species is capable of jumping action. 
This is accomplished by doubling the body 
until the posterior processes grasp in the 
indented segment at the base of the breast- 
plate. Th on with a rapid extension of the 
body the coupling loosens with a snapping 
motion, hurling the larva sometimes as 
much as a foot. Such movement helps the 
larvae to leave the Douglas-fir cones, since 
many of the cones do not fall to the forest 
floor until after the second or third season. 
The larva is capable of slow crawling 
movement also, especially when in contact 
with wet surfaces. 

Upon reaching the forest floor, the larva 
forms an orange-brown paper-like cocoon 
in the litter. The larva transforms to a 
pupa in the spring. Pupae have been ob- 
served resting on the soil under the litter 
or attached to cone scales, needles, moss, 
or other matter. The duration of the pupal 
stage in the field is not known, but in the 
laboratory it was about two weeks. The 
pupa is capable of movement and _ pushes 
itself through the cocoon, the thoracic horns 
appearing first. It may push itself com- 
pletely out of the cocoon before changing 
to the adult stage. The Douglas-fir cone 
midge is parasitized by at least one unidenti- 
fied species of Chalcidoidea. In 1957, the 
parasitism amounted to over 40 percent in 


some cones, 


Damage 


The type of damage caused by the Douglas- 
fir cone midge varies with the number of 
larvae surrounding an individual seed and 
the size of the gall. When numerous lar- 
vae congregate around a seed, the aggre- 
gate gall may completely destroy and dis- 
place the seed ( Figs. 2 and 3). When 
only a few larvae are present, the gall may 
not destroy the seed but fuses the seed coat 
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2. Douglas-fir cones sectioned along axis, 
Left: Ne rn al cf ia A) Aye 2 WwW 


Right: Damaged cone with numerous larvae and pock-marked appearance of the sectioned galls, 
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to the cone scale. Some galls may not be 
contiguous with the seed but may be located 
on the cone scale where they may fuse the 
seed wing to the scale tissue. The tissue 
comprising the gall is more dense and hard 
than unaffected cone tissue. 

In cones with heavy infestation, the 
damage may be apparent externally as 
misshapen cone scales and occasional ne- 
crotic areas. The damage by the Douglas-fir 
cone midge is easily distinguished from that 
caused by other insects: the cone moths feed 
through the cone tissue destroying the seed 
and leaving large amounts of frass and 
exuding pitch. The seed chalcid (Megastig- 
mus spermotrophus Wachtl.) larva occurs 
singly within the seed leaving no external 
indication of infestation. At least one other 
species of Itonididae among the five found 
during the study, may cause some damage 
to the seed of Douglas-fir. The larva of 
this unidentified species is similar to the 
Douglas-fir cone midge, but can be sepa- 
rated by morphological characteristics and 
type of damage. It mines within the cone 
scales, sometimes penetrating the seed, but 


does not cause a gall to form. 

Before attempting an extensive sampling 
of the amount of damage caused by the 
Douglas-fir cone midge, a test was cons 
ducted to determine if galled seed would 
fall from the cones during processing and 
if the damage on an axial section of the 
cone was representative of damage as deter- 
mined by dissection of the cone. Ten sam- 
ples of 40 cones each were selected which 
were known to have been damaged by the 
Douglas-fir cone midge. Twenty cones 
drawn at random from each sample were 
sliced axially with a sharp knife (Fig. 3). 
Counting only those seed actually cut by 
the knife, the percent of seed galled by the 
Douglas-fir cone midge was determined. 

‘The remaining 20 cones were dried in 
an oven until the cone scales reflexed, and 
then were tumbled in a 20-inch diameter 
seed-extracting cylinder for 3 minutes. The 
cones were then taken apart and each cone 
scale inspected for seed not removed during 
tumbling. From the count of seed extracted 
plus that remaining in the cones, the per- 
cent of galled seed was determined. An F 
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Figure 3. 


Seed from a single damaged Douglas-fir cone. 





Above: Galled. Below: Normal. 
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test showed no significant difference in the 
percent of seed damaged as determined by 
these two methods (Table 1). Thus, the 
slice test was used exclusively in further 
damage appraisal in place of the more time- 
consuming cone dissection method. 

‘Table 1 shows the percent of galled and 
normal seed remaining in the cones follow- 
ing tumbling. This amounted to over 99 
percent of the galled, empty seed and 91 
percent of the galled, filled seed. This 
compared to 56 percent of the empty seed 
and 22 percent of the filled seed that had 
not been galled. Of the galled seed re- 
moved from the cones, more than half had 
seed coats broken where the seed had sepa- 
rated from the gall. 

In order to determine the extent of dam- 
age caused by the Douglas-fir cone midge, 
cones were studied at varied elevations 
from sea level to 3,800 feet in the Douglas- 
fir Region of western Washington and 
Oregon. Samples totaling 800 green Doug- 
Jas-fir cones were collected from 44 selected 
areas by forestry personnel of eight Weyer- 
haeuser Timber Company tree farms ex- 
tending from Coos Bay, Oregon, to the 
vicinity of Everett, Washington. Each 
sample consisted of 20 cones, except for 
eight, 10-cone samples from White River 
Tree Farm. Cone collections were dis- 
patched to Centralia, Washington, for in- 
tensive study. Here, the fresh cones were 
sliced on the axis and examined under 9 X 
magnification. Damage by the Douglas-fir 
cone midge was distinguished from that by 
other insects, and recorded by count of 
filled or empty seed. 

As shown in ‘Table 2, 13 percent of the 
seed of the 1957 cone crop was damaged 
by the Douglas-fir cone midge. There was 
no significant difference in midge-damage 
to cones collected at different elevations; 
however, there was a highly significant 
variation among tree farms. The highest 
was on Millicoma Forest Tree Farm where 
damage averaged 49 percent for five sample 
areas. The least amount was at White 
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River Tree Farm where 4 percent of the 
seed from 11 sample areas was damaged. 
The overall damage by the Douglas-fir 
cone midge accounted for 48 percent of the 
total damage caused by all insects. The 
empty galled seed was approximately four 
times as great as the filled seed with galls 
(Table 2). This could indicate that the 
galling action had a detrimental effect on 
the developing endosperm. 


Discussion 


In 1955, the most abundant insect found 
in Douglas-fir cones collected in western 
Washington was the Douglas-fir cone 
midge (Johnson, 1956). Again in 1956, 
it proved the most important seed insect, 
destroying almost 10 percent of the seed 
in cones that were sampled. The results of 
the present study show that in 1957 the 
midge continues to be the most damaging 
insect affecting Douglas-fir cones) on 
Weyerhaeuser Timber Company _ tree 
farms. It is possible that the Douglas-fir 
cone midge population in recent years was 
higher than average, although earlier re- 
ports indicate that midges were the most 
abundant insects present in cones. How- 
ever, the severity of the damage caused by 
the midge may have been underestimated, 
since the results from the present study 
show that galled seed, even though sound, 
are seldom removed from the cones during 
seed processing. This might have been 
overlooked in past estimates of damage. 
Undoubtedly the reporting of damage has 
been complicated by the fact that only re- 
cently were the Itonididae affecting conif- 
erous seed described ( Foote, 1956). It 
appears that the Douglas-fir cone midge, 
among the other seed-destroying insects, 
can be an important factor in limiting 
Douglas-fir seed production. 


Summary 


The Douglas-fir cone midge (Contarinia 
oregonensis Foote) has caused serious losses 


of Douglas-fir seed in western Washington 
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TABLE 1. 


Seed remaining after extraction of midge-infested 1957 Douglas-fir 
cones in 


10 samples of 20 cones each. 


Per ent 


in cone sample 


) t a 
Percent of seed remainin 


Galled 


OT see d galled 


Axial Potal Empty Filled Km Filled 

section lissection seed seed seed ed 

19 2 98.5 50) 4] 13 

20 23 99.0) 100 46 24 

15 27 99.9 100 60 39 

28 28 99.0) 93 4? 19 

17 38 99.7 100 + g 

35 38 OR .5 75 61 28 

40 47 99.6 93 34 7 

53 53 100.0 100 71 14 

66 66 99.5 100 56 $? 

90 R3 100.0 100 63 34 

\ll samples: 38 3 99.4 91 56 22 
Standard deviation: 25 20 0.6 16 10 13 


TABLE 


) tt nein ms 1 c= ie 
2. Midge dadimage to tsi Douglas fly 


on Weyerhaeuser Timber Company tree farms. 








OHS | olle ted row sample areas 


Midge-damag of 
Number of \l] Filled Emp \l] 
l'ree farm sample se 
ireas! 1 1 seed nage 
Millicoma Forest 5 49 17 52 84 
North Be id, O e 
C llapooya ] 6 () 7 g? 
Springfield, Ore. 
St. Helens a? - ' ‘ a 
Longview, Wash. 
Clemons 5 29 8 3? © 
Cosmopolis, Wash. 
Vail-McDonald 7 5 ] 6 4G 
Chehalis, Wash. 
"hite River 11 $ ) 5 29 
Enumclaw, Wash. 
Sn qualmie Falls + ‘ } 9 36 
Snoqualmie h 
Skykomish 5 7 2 8 32 
Monroe, Wash. ; 
\ll areas 44 t3.2 3.5 14.7 $7.6 
Standard deviation 12.4 6.3 13.2 32.4 
ITwenty cones were collected from each area except W R S$ san 10 
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and Oregon during the past three years. 
The larva of this insect causes the plant to 
produce a gall around the seed in Douglas- 
fir cones. ‘he galls may destroy the seed 
or fuse the seed coat or wing to the cone 
scale so that it is not removed from the cone 
during natural seed fall or at seed extrac- 
tion plants. As much as 99 percent of galled 
seed may remain in the cone during process- 
ing. It was found that an accurate estimate 
ot the percent of galled seed within a cone 
could be obtained from counts made on 
seeds exposed by slicing of cones on the axis. 
An appraisal made by this method on cones 
collected from 44 areas in western Wash- 
ington and Oregon in 1957 showed that, 
over all, 14 percent of the seed was dam- 
aged by the Douglas-fir cone midge, and 
an average of 49 percent from 5 samples 
collected in one area. 
Literature Cited 
Fett, E. P. 1925. Key to gall midges. 
New York State Museum Bull. 257 
239 pp. illus. 
Foorg, R. H. 1956. Gall midges asso- 
ciated with the cones of western forest 


, 


trees. Wash. Acad. Sci. Jour. 46 (2): 


48-57. 


282 j Forest Science 


GABLER, H. 1954. Tierische Samenschid- 

linge der forstlichen 
Holzgewiachse. Berlin: Neumann Verlag. 
56 pp. illus. 


einheimischen 


JoHNnson, Norman E, 1956. Douglas-fir 


cone and seed insects: Project Analysis. 
Weyerhaeuser ‘Timber Co, Forestry Re- 
search Center. 12 pp. processed. 

—, 1958. Insect damage to the 
1957 Douglas-fir seed crop on Weyer- 
haeuser ‘Timber Company ‘Tree Farms. 
Weyerhacuser Timber Co., Forestry 
Research Notes, 9 pp. processed, illus. 

KEEN, F. P. 1952. Insect enemies of 
western forests. Rev. ed. U. S. Dept. 
Agric. Misc. Pub. 273, 280 pp. illus. 

Mitter, Joun M. 1914. Insect damage 
to the cones and seeds of Pacific Coast 
conifers. U.S. Dept. Agric. Bull. 95, 
7 pp. illus. 

Rupinsky, J. A. 1955. Douglas-fir cone 
and seed insects. Weyerhaeuser Timber 
Co., Forestry Res. Notes, 6 pp. proc- 
essed, 

Tripp, H. A., and A. F. HEptin. 1956. 
An ecological study and damage ap- 
praisal of white spruce cone insects. For. 


Chron. 34(4): 400-410. 


6. 
ip- 
or. 


me 


Natural Polyploidy in Slash Pine 


IN SOME ORDERS, or families of plants, the 
chromosome number is quite — variable 
among the different species; in others the 
number is quite constant. The coniferales 
belong in the latter group, in which poly- 
ploidy and other major chromosomal 
changes are rare. In the Pinaceae, partic- 
ularly, all of the species studied so far occur 
normally as diploid plants, with the excep- 
(Nehls.) Rehd. 


which occurs as a tetraploid. ‘There have 


tion of Pse udolarix arma? 


been several reports on the occurrence 
within the Pinaceae of freak plants whose 
chromosome number varied from that of 
their normal diploid ancestors. ‘These ab- 
normal plants were identified through their 
external appearance; namely, by their 
stunted growth, by thick fleshy needles, or 
by the unusual color of their foliage. There 
has been only one report so far of a study 
which verified the chromosome number of 
an abnormal seedling in the genus Pimus. 
The presence of polyploids, however, has 
heen postulated by many foresters. In view 
of their scientific interest, and also because 
of their potential use as new germ plasm in 
tree breeding, a search was made in a for- 
‘st tree nursery to locate abnormal seed- 
lings of slash pine ( Pinus elliotta Engelm.). 
The morphology of these unusual plants, 
along with the results of a cytological study, 
are reported in this paper. No review is 
made of polyploids that were induced by 
physico-chemical means; because these will 
be discussed in a later paper. 

Review of Literature 

Polyploidy is quite common in the angio- 
sperms, in which group the general fre- 


BY 
FRANCOIS MERGEN 


quency of polyploid species is estimated to 
be about 30 to 35 percent (Stebbins, 
1938). In the gymnosperms, on the other 
hand, polyploidy is rare. Sax and Sax 
(1933) reported that the golden larch, 
Pseudolarix amatbilis (Nehls.) Rehd., is 
probably of tetraploid origin with a chromo- 


of 22 in haploid tissue. A 


some count 
count of 44 chromosomes was obtained by 
the present author in the needle bases of 
several golden larch seedlings. Sax and Sax 
postulated that the current basic number of 
22 chromosomes is a polyploid of an aneu- 
ploid condition with 12 chromosomes as the 
basic number. 

To the writer’s knowledge this is the 
only report of an autopolyploid species in 
the Pinaceae, but there have been occasion- 
al reports in which the occurrence of spon- 
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taneous polyploid individuals in this family 
were described. Most of these polyploid 
trees were found in nursery beds. Kan- 
ezawa (1938) located a heteroploid Abies 
firma Sieb. et Zucc. seedling which origi- 
nated from a twin plant. He determined 
the chromosome numbers on 3 twin seed- 
lings, and one of these was a tetraploid with 
48 chromosomes. By looking for aberrant 
seedlings of Picea Abies (L.) Karst. in a 
total population of 1,200,000 nursery 
transplants, Kiellander (1950) sorted out 
93 morphologic aberrants. Of these, 49 
were diploids, one was triploid, 22 were 
tetraploids, and three were mixoploids. He 
was unable to determine the chromosome 
number of the remaining 18 seedlings. Pre- 
vious to this systematic selection, Kiellander 
had discovered an aneuploid spruce seed- 
28 chromosomes. Chris- 
tiansen (1950) located a large tetraploid 
Larix decidua Mill. tree in Denmark which 
he considered to be autotetraploid. Chiba 
and Watanabe (1952) identified eight 
polyploid seedlings of Larix kaempfert 


ling with 2n 


Sarg. among two-year-old nursery trans- 
plants. Of these six were apparently tetra- 
ploids, whereas the remaining two were 
mixoploids, that is, part diploid and part 
tetraploid. A triploid seedling was discov- 
ered in the progeny of a Larix decidua X 
Larix occidentalis Nutt. cross (Larsen and 
Westergaard, 1938), and the authors pos- 
tulated that this triploid hybrid was the re- 
sult of a union between a normal (hap- 
loid) egg cell of Larix decidua and a di- 
ploid (unreduced) pollen grain of Larix 
occidentalis. 

The only report of a natural polyploid 
pine seedling was made by Zinnai (1952). 
He located five tetraploid Pinus densiflora 
Sieb and Zucc. seedlings in transplant beds. 

The morphology of the polyploid indi- 
viduals described in the aforementioned re- 
ports can be summarized as follows: The 
cells were larger than those of diploids, the 
needles were thicker and shorter (except 
for the triploid larch which had longer 
needles), the foliage was dark green, the 
guard cells were larger, the number of sto- 
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mates per unit area was reduced, the 
growth was irregular and depressed, the 
size of the pollen grains was variable, and 
pollen viability was reduced. Whenever 
mixoploid seedlings were located, their root 
system was diploid with the shoot being 
polyploid. In no instance was a mixoploid 
located which had a polyploid root system 
and a diploid shoot. 

Despite a great number of letters of in- 
quiry written to forest geneticists and cytol- 
ogists in the United States and abroad, no 
further reports of verified polyploid pine 
trees were located, although the occurrence 
of polyploid individuals was postulated by 
several of the correspondents. 

Materials and Methods 

The abnormal seedlings were collected in 
the Florida State Nursery at Olustee, Flor- 
ida, where some 40 million slash pine seed- 
lings are grown annually. The nursery 
beds were surveyed for abnormal seedlings 
at various times during seven growing sea- 
sons; the first collection being made during 
September of 1952 and the last during 
February, 1957. The greatest number of 
abnormal seedlings was located when they 
were about 3 months old. At this stage 
their needles had a bluish hue, and the 
neighboring normal seedlings had not yet 
had time to crowd out the slower growing 
abnormal types. At this age, the frequency 
of abnormal seedlings was about (0.0002 
percent, and they occurred singly and at 
random throughout the beds. As the season 
progressed, the apparent percentage of ab- 
normal seedlings decreased, presumably be- 
cause they were unable to survive, or were 
crowded out by the larger, more vigorous 
seedlings. Over 50 abnormal seedlings 
were dug up and potted in fertile soil and 
moved to a greenhouse. The results re- 
ported here refer to five of these seedlings 
only, because the others did not survive, or 
because accurate chromosome counts could 
not be made from the survivors. All of the 
abnormal seedlings had under-developed 
root systems, and many lacked lateral roots. 
In those instances when lateral roots were 
present they were short and club-shaped. 


To obtain vigorous growth for the 
chromosome counts, soluble fertilizer was 
added to the soil and the plants were kept 
under a 17-hour photoperiod for several 
weeks before material was collected for 
analysis. Normal seedlings (controls) were 
treated in the same manner. 

To obtain chromosome configuration in 
the metaphase stage the treating schedule of 
Mergen and Novotny (1957) was fol- 
lowed. Actively growing buds, and root 
tips, 3-8 mm. long, were used. The vege- 
tative needle buds supplied sufficient meri- 
stematic tissue with mitotic divisions to 
make chromosome counts possible. On the 
other hand, chromosome counts could be 
made from only a few squashes of root tips. 
The chromosomes were counted by draw- 
ing idiograms at an approximate enlarge- 
ment of 2000X with the aid of a camera 
lucida, or a projection mirror. 

‘Tangential and transverse sections were 
prepared from several of the terminal buds 
to determine the location of the polyploid 
or abnormal cells. The buds were fixed in 
Navashin solution before they were em- 
bedded in issuemat. Serial sections were 
cut at 10 to 12 p, and were stained with 
cry stal violet, iodine, and eosin. 

To obtain representative samples from 
the needles, 5 mm. segments were cut at a 
distance from the base equal to 20 percent 
of the total length of the needle. This was 
necessary because the needles varied in 
leneth from 20 to 120 mm. 

Cross-sections were made from the seg- 
ments of fully-grown secondary needles, 
with the exception of those from seedling 
number 5, which had not developed sec- 
ondary needles. In this instance primary 
needles were examined. ‘The segments 
were fixed in FAA, dehydrated, embedded 
in Tissuemat, and cross-sections were cut 
at a thickness of 15 ». The sections were 
stained by using a modification of the sa- 
franin-aniline blue method and mounted 
into permanent slides. 

The arrangement of the stomates was 
determined on the outer face of the needles. 
The needle segments were macerated at 


room temperature for 12 to 2 hours in a 
1:1 mixture of 20 percent hydrochloric 
acid and 35 percent nitric acid. After this 
treatment the epidermis, along with some 
cells of the hypodermis, could be separated 
from the subjacent cell layers. The epi- 
dermis was briefly rinsed in water and 
stained for 10 seconds in a 0.5 percent al- 
coholic safranin solution. This was fol- 
lowed by dehydration in an alcohol series, 
clearing in xylene, and embedding in Per- 
mount. Rapid work was necessary because 
the epidermis sections tended to curl in the 
xylene. 

The openings of the stomates were meas- 
ured with an ocular micrometer (X430), 
and from each plant 10 stomates were 
measured on each of 5 needle segments. 
The same needle sections were also used 
for a count of the teeth along the edges. 
Results 


In view of the fact that the seedlings were 
highly variable, and since they represent the 
first polyploid pines to be described morpho- 
logically, it was thought best to treat each 
of the seedlings separately, rather than gen- 
eralize on their appearance. 

The average values on the anatomy of 
the needles from the five abnormal seed- 
lings, along with the values for a normal 
diploid seedling are summarized in Table 1. 


Normal diploid seedlings. ‘The characteris- 
tic features of an average diploid slash pine 
seedling are illustrated in Figure 1. When 

; 


~ 


the seedling was photographed it was 
years old, and bore only secondary needles. 


‘The anatomy of the needles was similar to 


that described for slash pine by Sutherland 
(1954); the stomates appeared in straight 
rows and were uniform in appearance. The 
chromosome number of mitotic figures in 
somatic tissue was verified to be 24, as had 
been reported previously by Sax and Sax 
(1933), and by Mehra and Khoshoo 
(1956). 


Abnormal seedling number 1. Seedling 
number | grew very slowly, being 20 cm. 
tall after three years (Fig. 2). The 


branches, to the extent that they were pres- 
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Tasie 1. Characteristics of the 
seedling. 


\ Nee Rows of 
Seedling ( ) ( n.) total number) nee 

Control (2n) its 1.00 9.6 
Abnormal seedlings: 

1 35 1.45 7.6 

2 22 | 6.38 

4 96 1.53 7.9 

5 17 1.01 6.3 

6 iz} 1.60 6.5 


ent, had not elongated more than about 1 
cm. Most of the needles were primary, but 
there were a few short and exceptionally 
thick secondary needles. 

About 65 percent of the secondary nee- 
dle buds dried and fell off before they were 
5 mm. long. The needles, as well as the 
growing shoot, were dark green with a 
bluish hue. Their surfaces were rough with 
many The 
thickness of the hypodermis was not uni- 


ridges and expanded teeth. 


form but was greater under the ridges, and 
the roughness of the outer surfaces was also 
reflected in the irregularity of the endoder- 
mis. There Was a well-developed meso- 
phyll but the number of resin ducts was 
lower than in the normal seedlings. The 
stomates appeared in uneven rows; both 
the spacing within the rows and between 
the rows was irregular, and, as indicated in 
Table 1, the stomates had a larger diame- 
ter than those in the normal seedlings. 
Chromosome counts indicated that the 
majority of cells were tetraploid (4n = 
48). Normal diploid cells were also pres- 
ent and these occurred in the needle bases 
in an approximate ratio of 1:4 tetraploid 
cells, whereas in the root tips the ratio of 
diploid to polyploid cells was about 1:2. No 
cells with triploid sets of chromosomes 
were found. Asa result of the slow growth 
of the seedling only a few cells with divid- 
ing chromosomes were obtained. However, 
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— meme bt 


needles in the abnormal seedlings 


and a control 


Rows of Ss i D (u“) 
if k Teeth pe Orv fa Ir ta 
idth leng it length f f 
9,1 +7 37.6 36.7 
8.9 EZ 44.5 42.6 
9.3 2.4 35.0 36.9 
8.7 2.8 51.8 50.1 
7.0 2 35.9 $2.3 
8.1 2.6 43,2 44.0 


the number of clear nuclear plates was suf- 
ficient to establish with certainty that the 
seedling was made up of both diploid and 
tetraploid cells. 


Abnormal seedling number 2. Seedling 
number 2 was slow-growing and after 3 
years it had a height of 15.5 cm. (Fig. 3). 
‘The secondary needles appeared singly, and 
in some instances there was a partial split 
through the middle, indicating that two 
needles from one fascicle had fused togeth- 
er. In addition to being very short, the 
needles started to curve and had the ap- 
pearance of claws. The root system was 
poorly developed, and consisted of an en- 
larged growing knob with several short 
laterals 
rhizae. 


above it, and there were no mycor- 
the 
needles showed a very distorted arrange- 


The cross-sections through 


ment of the anatomy; the resin ducts were 
present in only one half of the needle, and 
the cells of the plicate mesophyll were ar- 
ranged and oriented differently in the two 
halves. Teeth were present on the various 
ridges, and their arrangement did not ap- 
pear to follow a definite pattern. The 
stomates occurred in irregular partial rows, 
and were slightly smaller than those in the 
normal seedlings. 

The chromosome count showed that the 
seedling was a mixoploid and was made up 
of diploid, triploid and tetraploid cells, with 
the majority of cells having 48 chromo- 


somes. The ratio of diploid cells to tetra- 
ploid cells was 1:4.5; the frequency of tri- 
ploid cells was about 1:10. The chromo- 
somes were longer than those in normal 
seedlings, and it was difficult to spread the 
chromosomes in one plane without ruptur- 
ing the cell walls. No satisfactory chromo- 
some plates were obtained from the root 


tips. 


D 


Ficgure 1. 


Normal slash pine seedling. A, Seedling two years old. 


Abnormal seedling number 4.'\ While in 
the seedbed, seedling number 4 had dark 
bluish needles that were quite thick and 
long. The height growth was somewhat 
slower than that of the surrounding seed- 
lings and the hypocotyl and the growing 


1Abnormal seedling number 3 was not suit- 


1 P S y 7 - 
ible for cvt log ll analysis. 





B. Cross-section through sec- 


ondary needle, X30. C. Arrangement of the stomates on the outer face of a secondary needle, 
X30. D.+ E. Chromosomes in metaphase, X1000 (2n = 24). 
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points were thick and succulent. After the seedlings, with the exception of the second- 


early seedling stage, its morphology did not ary needles which were much thicker. The 


ne 


differ appr y from that of normal height growth also remained slower, and 





Figure 2. Abnormal seedling number 1. A. Appearance of seedling at the age of three years, 


B. Cross-section of a secondary needle, X30. C. Arrangement of the stomates on the outer face 


of 2 sé ondary needle, X30. dD. Poly plotd cell in early 
X1100 (4n = 48). E. Tetraploid cell, X1100 (4n = 


complement of cell in E traced with a camera lucida, 


288 / Forest Science 





anaphase, probably 96 chromosomes, 
48). F. Ildiogram of chromosome 


"= 


- 


after 3 years it had formed only one side root with several well-branched lateral 
branch which was 3 cm. long (Fig. 4). roots, and the roots ended in enlarged 
The root system consisted of one main knobs which were brittle. The needles wet 
















D E 


Figure 3, Abnormal seedling number 2. A. Appearance of seedling at the age of three year 


B. Cross-section through a secondary needle, X30. C. Irregular arrangement of stomates, X30). 


dD. — E. Tetraplaid célis, X1100 ( dn = 48). F. Cell w% ith = 7 chrome somes. Pre 4 Aly 


an 


4 


inaphase of a triploid cell, X1000 (3n = 36). 
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1.60 mm. wide as compared to 0.99 mm. ception of the stomates which were ar- 
in the normal seedlings. “The anatomy of ranged in uneven rows and were much 
the needle appeared normal, with the ex- larger, their diameter on the outer surface 
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Figure 4. Adnormal seedling number 4. A. Appearance of the seedling at the age of three years. 
B. Cross-section through secondary needle X30. C. Arrangement of the stomates, X30. Note the 
3 


large size. D, Teo triploid cells, X500 (3n = 36). Chromosomes in cell in upper right corner 
have just separated, E, Triploid cell, X800 (3n=36). F. Idiogram of cell in E. 
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being tie largest (51.8) in any of the number + to be a mixoploid. It differed 
seedlings examined. from the other plants by its relatively high 
Chromosome counts showed seedling frequency of polyploid cells in the bases of 





Figure 5, Abnormal seedling number 5. A. Appearance of the seedling at the age of 18 mont/ 


X1.1. B. Cross-section through primary needle, X40. C. Irregular arrangement of stomates on 
outer face of needle, X30. D. Tetraploid cell in metaphase, X1200 (4n=48). E. Hetero- 
ploid cell with 54 chromosomes. X800. F. ldiogram of chromosome complement of cell in E. 
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the needles -13 polyploid cells to one di- 
ploid cell. Of the polyploid cells, about 4 
were tetraploid and the remainder were 
triploid. ‘IThe number of triploid cells was 
higher in the other trees studied, and the 
ratio of diploid to polyploid cells in the root 
tips was 1:2. Several stages of mitosis could 
be observed in the dividing cells. There 
appeared to be no tendency for the chromo- 
somes to move toward the equatorial plate 
during metaphase, and during anaphase the 
daughter chromatids remained in an appar- 
ently random location within the cell. This 
partial mitosis doubled the number of 
chromosomes within the cell because no 
cell wall formed to separate the daughter 
chromosomes. 


Al normal J€¢ dling NuInNodDETr y Seedling 
number 5 was 18 months old when the 
photograph in Figure 5 was taken. At that 
time it was 4 cm. tall, and when it was 30 
months old it had not formed any second- 
ary needles. Therefore, all the descriptions 
of the needles refer to primary needles. 
Periodically, the seedling developed a large, 
succulent terminal bud but it took consid- 
erable time for the bud to enlarge. The 
root system was almost non-existent, and 
the growing point died back from time to 
time. Due to the extremely stunted 
growth, few slides were obtained which 
showed mitotic division. 

The needles had a _ well-differentiated 
epidermis, but the hypodermis and the scle- 
renchyma cells were almost lacking in most 
of the slides examined. As compared to 
primary needles of diploid plants, the pali- 
sade layer was better developed and occu- 
pied about 4/5 of the cross-sectional area; 
the stomates occurred in irregular rows and 
were small. 

From the slides that were prepared it was 
possible to establish that the plant was heter- 
oploid. Idiograms were drawn from sev- 
eral diploid and some tetraploid cells, but 
no triploid cells were located. There were, 
however, several aneuploid cells which had 
a chromosome count of 54. The ratio of 
diploid to heteroploid cells was approxi- 
mately r7. 
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Abnormal seedling number 6, When seed- 
ling number 6 was two years old, it was 19 
cm. tall and had one lateral shoot that was 
about 1 cm. long (Fig. 6). It had formed 
secondary needles that were of normal 
length, but they were much thicker than 
those of the control seedlings, and they 
were irregularly distributed. The root sys- 
tem was comparatively well developed, but 
all the root tips were swollen and were 
club-like in appearance. The needles had 
a tendency to twist, and their surfaces were 
uneven. The anatomy, as viewed in cross- 
section, appeared normal with the excep- 
tion of the ridges on the surfaces which 
were reflected as distortions throughout the 
sections. The distribution of the stomates, 
from row to row and within rows, was 
uniform. 

Chromosome counts showed that seed- 
ling number 6 was also a mixoploid, the 
meristematic tissue of the buds being com- 
posed of cells with diploid and tetraploid 
chromosome complements. The ratio of 
tetraploid cells to diploid cells was 6:1 ° The 
ratio of tetraploid cells to diploid cells in 
the root tips was 1:2. No triploid cells were 
found. The number of chromosomes in 
several of the cells could not be established 
with certainty, especially in those cells 
which were in the anaphase stage. Figures 
6E and 6F illustrate two polyploid cells in 
the anaphase stage. Although the precise 
number of the chromosomes in these cells 
could not be established, it was estimated 
that there were about 96 chromosomes in 
each of these cells, indicating a tetraploid 
condition in the somatic cell before mitosis. 


Location of the Polyploid Cells 

It was difficult to determine the exact loca- 
tion of the polyploid cells because once cell 
division had ceased, it was not possible to 
estimate its chromosome number by size 
alone. However, in several of the serial sec- 
tions there were several dividing nuclei and 
almost all of the polyploid cells were found 
along the periphery; in some instances they 
occurred for a limited distance inside. They 
extended toward the center of the growing 
tip in only a few of the sections. 


Discussion estry literature. The frequency of 0.0002 
Abnormal slash pine seedlings in nature are percent that was observed in the Olustee, 
not rare, yet there are no reports in the for- Florida, nursery was undoubtedly lower 





D 


Figure 6. Abnormal seedling number 6. A. Appearance of the seedling at the age of two years. 
B. Cross-section of a secondary needle, X30. C. Arrangement of stomates on the outer face of 
a secondary needle, X30. D. Tetraploid cell, X1000 (4n = 48). E. + F. Anaphase of polyploid 


ells, probably 96 chromosomes, X1300 (4n = 48). 
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than that of the actual number which oc- 
curs in nature. ‘These polyploid seedlings 
have a low capacity for survival because 
they lack the structures for adequate com- 
petition ; the growth of both roots and 
shoots is depressed. “The observed value of 
().0002 percent is somewhat lower than the 
frequency of polyploid seedlings that has 
been observed in the other members of the 
Pinaceae: 0.1 percent for Pius densiflora 
(Zinnai, 1952), and 0.009 percent for 
Picea abies (WKiellander, 1950). Polyploid 
individuals are easiest located in the nur- 
sery beds where several million even-aged 
seedlings can be examined within a rela- 
tively short period of time. In addition, the 
selection is made from seedlings in a uni- 
form and favorable environment, growing 
from seed which came from thousands of 
trees, scattered over millions of acres of for- 
est land. In a natural forest it is much 
more difficult to isolate polyploid individuals 
because most of them have succumbed to 
the environment. Nevertheless, some ab- 
normal slash pine trees have been located in 
and around the QOlustee, Florida, area. 
Some of these have produced male and fe- 
male flowers. The size of the pollen was 
measured from one of these ‘Mutant 
Pines,” as they are called locally. When 
compared to normal slash pine pollen, the 
pollen from the “Mutant Pine” was small- 
er (49.5 versus 52.5 for the small diame- 
ter and 58.1u versus 70.7# for the large 
diameter). The germination count showed 
that almost all of the pollen grains from the 
abnormal slash pines were abortive and all 
of the seed obtained from these mutants 
was empty. No chromosome counts have 
heen made on these larger trees. 

In general appearance some of these mix- 
oploids are very similar to slash pine trees 
that were treated with colchicine. Since 
none of the seedlings had polyploid cells 
throughout, these seedlings did not originate 
as the result of the fusion of unreduced 
(n) gametes or egg cells, but are the result 
of chromosome duplication after fertiliza- 
tion. They were not genetically uniform 
throughout the plant and therefore can 
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be termed chimera (Chittenden, 1927). 
Cross-sections through some of the devel- 
oping buds indicated the chimeras to be of 
the periclinal or mericlinal type. There 
were some indications that one of these mix- 
oploid slash pine seedlings was the result of 
endomitotic divisions. In these endomitotic 
divisions there is a duplication of the chro- 
mosomes with a subsequent separation, but 
without the formation of a spindle or meta- 
phase plate, and without cell division 
(Geither, 1941). Endopolyploid individ- 
uals have been described before in both the 
animal and plant kingdoms (Mickey, 
1946; Berger, 1941; and Witkins, 1945). 
There was a certain degree of differentia- 
tion in the shape and size of the chromo- 
somes between the different trees, but, due 
to the drastic chemical pretreatment dur- 
ing the maceration process, no attempt was 
made to evaluate these differences. Several 
cells were characterized by incomplete ge- 
nomes but in these instances it was very 
difficult to verify the number present in the 
cells before maceration, as the long, thin 
chromosomes were crowded and tangled 
at the metaphase plate and in addition, the 
cell wall had ruptured in many instances 
allowing chromosomes to slip out and swim 
about in the mounting medium. 

From a practical forestry standpoint 
these mixoploid seedlings have little value 
because of their low survival rate, and their 
low fertility. Perhaps some use might be 
made of some of these short-needled, slow- 
growing pines in ornamental work and in 
foundation plantings. These mixoploid 
of little evolutionary value, because they are 
probably unable to form sexual tissues with 
halanced higher chromosome numbers. 


sare 


Summary 

Abnormal slash pine seedlings were collect- 
ed in the Florida State Nursery and their 
morphology along with the results of a 
cytological study are reported. The fre- 
quency of these abnormal seedlings in the 
nursery beds was about 0.0002 percent, 
and their survival is greatly hindered be- 
cause both their roots and shoots are de- 


pressed. Five of these seedlings were veri- 
ned to be mixoploids, having chromosom« 
complements of 2n, 3n, and 4n. ‘These 
mixoploid seedlings are probably of little 
evolutionary value, as they are unable to 
produce reproductive tissue with a_bal- 
anced chromosome number. 
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Role of Chemical Treatment in 


Stimulating Resin Flow 


‘THE MAJOR EXPENSE. in producing resin 
by traditional methods is incurred in 
wounding trees at weekly intervals to re- 
new the flow. Solodki and Vasskovskaya 
(1933) in Russia explored the possibilities 
of extending the period of flow in order to 
reduce labor costs, Theorizing that the flow 
stops because of crystallization of resin at 
the wound, or because of distention of epi- 
thelial cells into the lumen of the resin 
canal, they applied a large number of sol- 
vents, poisons, and electrolytes to fresh 
wounds on Scotch pine (Pinus sylvestris 
L.). Solvents were ineffective, but many 
strong electrolytes such as mineral acids 
brought about an increase in the rate and 
duration of resin flow. Sulfuric acid was 
selected as a cheap and effective reagent for 
further research. With the use of sulfuric 
acid, Nikolaev and Sinelobov (1936) found 
that resin yields were as good from cam- 
bium-depth wounds as from the customary 
wounds extending into the wood, 
Hessenland (1935) and Kublun (1936) 
tested a large number of acids, bases, salts, 
and organic compounds on Scotch pine in 
Germany. The increase in resin yield was 
greatest with 50 percent sulfuric acid (128- 
percent increase) and 10) percent potassium 
hydroxide (111-percent increase). They 
found that treatment with a strong mineral 
acid permitted extension of the wounding 
interval from 1 week to 2 weeks with no 
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loss in yield per tree per season. 

Research on the chemical treatment of 
wounds on naval stores pines in this country 
was begun on a limited scale in 1936 in the 
U. S. Department of Agriculture by the 
Forest Service and the Naval Stores Re- 
search Division of the old Bureau ( E Agri- 
cultural and Industrial Chemistry. This 
work has been expanded considerably by 
the Forest Service. Liefeld (1940), Mir- 
ov, and Snow (1948 and 1954). ob- 
tained data on resin yields from slash pine 
(Pinus elliotta Engelm.) and longleaf pine 
(P. palustris Mill.) in Florida using many 
variations in size of wound, wounding fre- 
quency, and acid concentration. They ob- 
tained increases in resin yield resulting from 
acid treatment ranging from about 25 to 60 

IMirov, N. T. Report on naval stores work 
in Florida, March-July 1942. L lished 


office report, Southeast. For, Exp. Sta. 
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percent depending on the acid concentra- 
non used and the species, ‘These increases, 
however, were maintained only for 3 sea- 
sons of weekly wounding on the same trees. 
When the wounding and treating interval 
was extended to 2 weeks, a normal yield of 
resin was obtained with a saving of about 
half of the labor required for wounding. 
In general, the resin yield responses to acid 
treatment were very similar to those ob- 
tained on Scotch pine in Europe. These 
data provide additional evidence that acid 
treatment of wounds causes both an in- 
crease in flow rate and a prolongation of 
the period of flow between successive 
wounds. 

The German and Russian workers had 
different opinions on the way in which acid 
brought about these responses. Hessenland 
1935) believed that the application of 
acids caused a chemical stimulation of the 
manufacture of resin. Nikolaev and Sine- 
lobov (1936) thought that the opening up 
of the radial ducts by physical action of the 
chemical was responsible for the increased 
flow. 

A number of exploratory studies con- 
cerning the effects of acid treatment of 
wounds were made to determine which of 
these two theories is applicable. The re- 
sults are reported here. The applied as- 
pects of chemical treatment of naval stores 
pines are discussed by Snow (1954) and 
Dyer (1955). The method now in use is 
to spray about | ml. of sulfuric acid solution 
(50 percent by weight ) on the freshly 
made wound. 


Speed of Exudation Response 


Some indirect evidence on the mechanism 
of the action of sulfuric acid on resin flow 
was provided by observations of the time 
interval required for measurable increase in 
exudation after treatment of fresh wounds 
with sulfuric acid. For this purpose, circu- 
lar punch wounds 3% inch in diameter were 
used. These wounds were made with a 
cylindrical leather punch and extended 
only to the cambial region. ‘The resin 


flowed from the wound over a small metal 
gutter into a vial of 30 ml. capacity (Fig. 
1), where its volume was determined from 
its height in the vial. The punch-wound 
method is particularly useful for observation 
of the course of exudation, because several 
dozen wounds can be placed on one tree, 
and the flow from each of them can be 
observed at short intervals. Errors arising 
from the estimation of volume of resin 
from its height in the vials can be controlled 
within practical limits by selecting vials of 
similar capacity after calibration with water, 

Results from a representative test of the 
speed of the response to treatment with 
acid are shown in Figure 2. Each line is 
an average for eight punch wounds. Only 
one test was made on loblolly pine ( Pius 
taeda L.). Table 1 shows that this species 
responded to acid treatment between 15 
and 30 minutes after wounding, or about 
as soon as a measurable quantity of resin 
was exuded. In longleaf pine, the response 





Ficgure 1. 


leaf pine used in studies of resin flow. 


Series of punch wounds on long- 
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Figure 2. Course of resin flow from punch 


: save 5 , 
wounds on loblolly pine. Eight fresh ccounds 





; ta ; ers 
sveere sprayed with water and eight cout h 


oU- percent sulfuric acid, 


was observed in about one-half hour in one 
test, but required several hours in another 
test. The resin of the latter species is more 
viscous and its how from the ducts down to 
the vial is somewhat more delayed. 

In a similar test on slash pine in which 
the fresh resin is still more viscous, acid- 
treated wounds yielded only 20 percent 
more resin in the first hour, and the differ- 
ence was not statistically significant. How- 
ever, the response usually occurs within the 
first day after treatment. 

In general, the effect of acid on resin 
flow from freshly wounded tissue appears 





to be fairly rapid. At least part of the ef- 
fect, therefore, appears to be a mechanical 
release of the resin already present in the 
ducts, the inference being that a systemic 
chemical stimulation of resin manufacture 
would require a longer period of time to be 
manifest in increased flow, 


Localization of the Response to Acid 


A second indirect line of evidence on the 
mechanism of the response to acid was pro- 
vided by a study of the vertical distance 
over which the response occurred. In- 
creased resin flow resulting from a physical 
effect of the acid should be quite localized. 
A chemical stimulation of the rate of resin 
synthesis might be either localized or more 
systemic in its effect. 

The first test involved measurement of 
the flow of resin from punch wounds 1, 2, 
and 3 inches above two standard horizon- 
tal turpentine wounds on each of five large 
slash pines. The 10 standard wounds were 
first calibrated by measuring the resin yield 
from four successive weekly woundings, so 
that the standard wounds could be classed 
into two groups comparable in _resin-yield- 
ing capacity. Then, at the time punch 
wounds were made, the standard wounds 
were renewed for the fifth time and _ half 
of them (one on each tree) were sprayed 


TABLE 1. Mean cumulative yields of resin from acid-treated and water-treated 


punch ccounds on one loblolly pine. 


Time after 


Mean cumulative yields! 


wounding Acid Water Standard error 
(hours) treatment treatment of difference f? 
Mi, Mi. 
0.25 0.05 0.01 0.316 1.4 
0.50 0.37 0.07 0.619 4.8 
1.00 0.72 0.37 0.951 3.8 
5.50 2.48 1.19 2.64 4.9 


1[ndividual measurements made to nearest 9.05 ml. 
“For 14 degrees of freedom, 


is not significant. 


values above 3.0 are significant at the l-percent level. The difference at 0.25 hour 
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TABLE 2. Effect of sulfuric acid on mean yields from standard turpentine 
wounds and from punch wounds above them on five trees. 





Ireament of Mean vield of Mean yield of untreated punch wounds at specified 
rd wounds standard wounds listances above standard s 
in 1 week 1 inch 2 inches 3 inches Total 
Mi. Ml. M1. MI. M1. 
Untreated 66.2 2.26 1.16 2.06 5.48 
Spraved with 40-per- 127.8 1.02 1.22 0.70 2.94 
nt H»SO, 
with a solution of 40 percent sulfuric acid. Mean yields for the wounds in the vari- 
Yields of resin measured June 30, 1944 (1 ous positions are as follows: 
week after wounding and treating) are Lowermost untreated wounds 1.5 ml. 
shown in Table 2. \ll other untreated wounds 0.4 ml. 
; ae \cid-treated center wounds 7.3 mi. 
In this test there was a clear superiority 


, These data clearly show that stimulation 
in resin flow from the standard streaks on ; : ; 

of flow was practically, if not entirely, 
restricted to the wound on which the acid 
was applied. 


which the acid was sprayed, but yields from 
punch wounds above acid-treated streaks 
were obviously no greater than yields above 
untreated streaks. Acid sprayed directly on 
one punch wound on one of the five trees 
resulted in a yield of 30 ml. of resin, in 
comparison with a mean flow of 1 ml. 
from the punch wounds | to 3 inches away 
from acid-treated streaks. Acid treatment 
of the standard wounds, therefore, did not 
stimulate resin flow from the untreated 
punch wounds above them. 

A similar test on two longleaf trees in- 
volved 12 rows of 5 punch wounds each, 
spaced 2% inches apart within rows (Fig. 
3). The wounds extended \% inch into 
the wood on one tree and only to the cam- 
bium on the second tree. Four of the twelve 
rows had no wounds treated with acid, and 
served only to show the normal flow from 
holes in each position in the row. In eight 
rows, the center wound was sprayed with 
6() percent H2SOs just after wounding on 
September 29. Yields of resin were meas- 


ured 3 weeks later. Yields for the two 





Ficure 3. Rows of punch wounds 22 inches 
apart within the row on longleaf pine. Cen- 
ter wound treated with sulfuric acid in 8 


out of 12 rows. 


depths of wounding showed the same trends 
and were combined. 
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Acid-treated punch wounds 3% inch in 
diameter have yielded as much as 60 ml. of 
resin in a week, in comparison with a mean 
of about 5 ml. from untreated wounds. 
This fact suggests that the extra flow from 
acid-treated wounds may be drawn from 
a considerable distance within the tree. It 
is unlikely that this much resin could be 
manufactured through local stimulation 
within an inch or so of the wound in a 
period of a few days. 


Effect of Acid Applied to the Phloem 


A third line of evidence was afforded by 
application of acid to the outer surface of 
the living phloem of longleaf pine exposed 
by removal of only the dead outer bark. 
Untreated patches of exposed phloem yield 
very little resin, probably because the radial 
resin ducts are usually occluded or very 
nearly occluded by parenchyma cells at the 
cambium and just inside the phellogen 
(Fig. +, A, B, and C). However, when 
patches of phloem on longleaf pine are 
sprayed with 60 percent H2SQOs, a resin 
blister forms at the cambium within several 
hours, and resin is soon exuded in much 
greater than normal quantities. The ap- 
plied acid evidently allows escape of resin 
by collapsing the parenchyma cells which 
occlude or line the radial resin ducts. 
Anatomical observations on this point are 
discussed later. 

The resin which accumulates in blisters 
under acid-treated phloem often develops 
sufficient pressure to rupture the phloem 
after several days. Very small, closed-end 
manometers made from fine glass tubes 
with mercury riders were inserted into a 
number of resin blisters, the outer surfaces 
of which had become more or less sealed 
by hardened resin. The mean of 30 maxi- 
ma for short runs of less than 1 day, or of 
daily maxima for longer runs of the manom- 
eters was ().22 atmospheres. The range 
was 0.12 to 0.40 atmospheres. The pres- 
sures recorded represent only those which 
the phloem blisters are capable of retaining, 
because resin exuded slowly from the sur- 
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face of the blisters, and many of the blisters 
split open. Pressure in the resin duct system 
of the xylem is much greater. In later 
work, not yet published, resin exudation 
pressures ranging from 8 to 12 atm. were 
obtained on intact trees. 

The fact that the resin is under pressure 
in the tree indicates that it should exude 
more rapidly, or that the flow rate should 
decrease more slowly, after treatments 
which enlarge any restriction in the open- 
ings of the ducts, particularly where these 
are normally closed, as in the radial ducts 
at the phellogen and at the cambium. 


Anatomical Effects of Sulfuric Acid 


Destructive action. ‘The major rapid ef- 
fect of 40- to 60-percent solutions of sul- 
furic acid applied to cambium-depth wounds 
is to cause collapse and partial disintegration 
of the parenchyma cells which occlude or 
surround the outer ends of radial resin ducts 
(Fig. 4, D and 4, F). 

When a 50-percent solution of acid is 
used, this effect gradually extends from the 
upper edge of the wound to a height of 
about 34 inch in the phloem and outer 
xylem over a period of about 1 week fol- 
lowing treatment. Resin ducts opened in 
this manner continue to flow during the 
second week after treatment. 

Another effect of sulfuric acid is to bring 
about minute concentrations of resin at the 
cambium region to a height of about 34 
inch above the wound (Fig. 4, E). A 
separation of the bark and wood follows, 
and is probably augmented by the shrinkage 
of phloem tissues toward the outer bark. 


Induced Munch 
(1919) suggested that resin flow from a 
wound is normally stopped by the balloon- 
ing of epithelial cells to form tylosoids in 
the resin ducts and that plasmolytic agents 
may prevent such action. We have not 
observed any ballooning of the cells lining 
the ducts near untreated wounds. However, 
it does appear that after the openings of 
ducts have been enlarged by the action of 
acid, they would be less readily occluded 


structural changes. 





— 482731 I 482734 


Figure 4. A. Radial resin duct in tangential section of xylem near cambium showing closure by four 
large epithelial cells. B. An almost radial section through a fusiform ray showing closure of radial 
resin duct at cambium. C. Radial resin duct in tangential section of p hloem near phellogen showing 
closure by three large epithelial cells. D. Radial resin duct in xylem near cambium after treat- 
ment cith sulfuric acid shox ing wide ¢ pening resultin g fre mn collapse of epithelial cells and the 
surrounding parenc hymatous cells of the fusiform ray. E. Tangential section through cambium 
above ceound after treatment of wound with sulfuric acid. Cells contain small globules of resin. 
F. Same as D but in phloem. Tangential sections G, H, and I are all from xylem about 5 cm. 
abe vé a td-t eated cw Ou Mad ye G. Ju Me tir ne f a radial and “ lo ngitua 1 nal resin duc $. H. Fu if rn 
ray F contains a radial duct R connected with two vertical ducts V, both of which are enclosed in 
a vertical strand of parenchyma. I. Tangential section in xylem above the zone of acid injury 


through a broad band of proliferated vertt al pacenchyma enclosing anastomotic resin ducts. 
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by the hardening of oleoresin at the outlet. 

Gore and Traubenhaus (1931) found 
that acid injury to roots of cotton increased 
the meristematic activity in parenchyma. 
We have observed similar effects in the 
xylem of longleaf pine. Acid-treated 
wounds apparently stimulated the cambium 
above the acid-killed zone to produce the 
large proportion of parenchyma and _ the 
anastomosis of resin ducts within this par- 
enchyma shown in Figure 4, I. Figures 
4, G, H, and I, however, were all made 


from sections taken in June about 2 inches 


above the last of a series of eight acid- 
treated wounds made at weekly intervals 
Figure 4, H 
shows a lesser degree of proliferation than 
4, I. Figure 4, G shows a single vertical 
resin duct at a junction with a radial duct, 


but no proliferation of surrounding par- 


on a single longleaf pine. 


enchyma is apparent. “The number of such 
single vertical resin ducts, however, may 
also be increased as a result of an acid- 
treated wound stimulus. 

After untreated wounds 4 inch high 
were cut into the wood at weekly intervals 
for 4 months, Gerry (1931) observed a 
tenfold increase in number of vertical resin 
ducts per unit area of transverse section 
through the current growth ring directly 
above the last wound as compared to the 
average for the 3 years preceding the 
wounding. It is obvious, therefore, that the 
increase in number of resin ducts is a result 
of a traumatic stimulus which may be 
caused by either untreated wounds cut into 
the xylem or by acid-treated, cambium- 
depth wounds. No data are available on 
whether this traumatic stimulus is greater 
in acid-treated wounds than in untreated 
wounds. 

Such ducts cannot contribute to the in- 
creased flow rate obtained by acid treatment 
of an initial wound on a tree, because the 
response is obtained before traumatic ducts 
are formed. 

Gerry (1931) states that many of the 
traumatic resin ducts are very short and 
are formed throughout the current growth 
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ring. She found that fewer of these trau- 
matic ducts were present at the end of a 
season of wounding where wounds were 
cut % inch high than where they were cut 
4 inch high. 

With cambium-depth, acid-treated 
wounds, all traumatic ducts remain in place 
and presumably contribute to the resin con- 
tent of the tree through connections with 
either normal longitudinal or radial resin 
ducts. 

With acid-treated wounds cut into the 
wood, traumatic ducts are also formed for 
a short distance above each successive wound 
as in Figure 4, H and 4, I. Such ducts, 
however, are cut out a few weeks after they 
are formed when subsequent wounds are 
made. Hence, fewer traumatic ducts are 
present at any time where wounds are 
cut into the wood than where they are cut 
only to the cambium. In spite of this dif- 
ference in number of traumatic ducts, Snow 
(1948 and 1954) obtained equal resin 
vields with the two types of wounding using 
the same acid treatment on each. There- 
fore, the number of traumatic ducts present 
is probably not a contributing factor to the 
increase in resin yields obtained with acid 
treatment. 


Plasmolytic Activity of Effective 
Chemicals 


Snow (1944) listed several strong plasmo- 
lytic agents among the inorganic acids, 
bases, and salts which caused an increase in 
the exudation rate of resin from slash and 
longleaf pine. Sulfuric acid is the cheapest 
and most effective of the common inor- 
ganic chemicals in these classes. One meas- 
ure of the effectiveness of a chemical as a 
plasmolytic agent is the freezing point de- 
pression per mol of solute at the eutectic 
mixture. This measurement is an approxi- 
mate index of the effectiveness of inorganic 
chemicals in increasing the exudation rate 
of resin after a single application. 

Ferric chloride, which has a_ higher 
freezing-point depression per mol than sul- 
furic acid, caused a higher yield of resin on 


an initial wound. Yields on subsequent 
wounds, however, declined sharply because 
the height of killed tissue above the wound 
exceeded the height of tissue normally re- 
moved at each rewounding. To be effec- 
tive, the chemical must be applied to live 
tissue exposed by wounding. Therefore, 
ferric chloride is not satisfactory for com- 
mercial use. 

The killed tissue resulting from the up- 
ward diffusion of sulfuric acid from the 
sprayed wound is rather sharply limited to 
a zone ranging in height from 0.5 to 0.75 
inch. Apparently this limitation is brought 
about by the buffering action of the cell sap 
of the tissues involved. This very desirable 
limitation does not occur when strong solu- 
tions of inorganic salts are used. 


Effect of Acid With Frequent 
Wounding 


Another approach to determining the nature 
of the effect of acid treatment on resin 
yields made use of a very high wounding 
frequency. The time interval between 
wounds was only 12 hours. With this fre- 
quency of wounding, rapid draining of 
resin will occur, and the rate of flow of 
resin out of the duct system can be expected 
to exceed the rate at which resin is put into 
the duct system by the biochemical reactions 
in the tree. Under this condition, if acid 
treatment of wounds causes an increase in 
the rate at which resin is synthesized in the 
tree, such an increase should be reflected in 
a higher rate of flow from the duct system 
than that obtained without acid treatment 
of wounds. 

To test this hypothesis, two balanced 
groups of 10 trees each were wounded at 
8:00 a.m. and 8:00 p.m. every day during 
a period of 14 days beginning July 26, 
1949. A standard wound size, 6 inches 
wide, % inch high, and % inch into the 
wood radially, was used on all trees. Resin 
vields were weighed to the nearest gram 
for each tree immediately before each 
wound was made. In one group of trees 
all wounds were sprayed with a 5()-percent 
solution of sulfuric acid. In the second 


group, wounds were left untreated. In 
later experiments, the lateral penetration of 
acid was found to be about 4% inch on each 
side of the wound surface. Such penetra- 
tion increases the nominal wound width, 
which in turn results in greater yields. 
Therefore, the observed yields from the 
acid-treated wounds in this test were re- 
duced by 1/7 to correct them for the extra 
inch of face width obtained from the lateral 
penetration of acid. Table 3 lists only the 
corrected values. 

The previously noted rapid response to 
sulfuric acid was apparent on the first day, 
when yields from the acid-treated wounds 
were 50 percent greater than from the un- 
treated wounds (Table 3). This increase 
was soon nullified, however, by lower yields 
from the acid-treated wounds made on the 
third and fourth days. 


TABLE 3. Total daily resin yields 
on 10 trees wcounded every 12 hours 
during a period of 14 days. 


Wound treatment 


Dar 
\cid Untreated 
Grams Grams 
1 731 485 
2 492 450 
3 388 591 
4 496 630 
5 687 663 
6 636 650 
7 557 372 
8 591 405 
9 483 391 
10 403 368 
11 552 631 
12 535 375 
13 416 446 
14 32 498 
Total resin 
in cups 7,310 7.355 
Scraped from 
face 507 306 
Total vield 7,817 7,661 
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Apparently the acid caused a quick re- 
lease of the resin stored in the tree at the 
time of the first wound. During the first 
2 days, most of the yield probably consisted 
of this stored resin. On the third day, flow 
Was at a minimum and may represent the 
end of draining of stored resin. The sub- 
sequent increase in daily flow on the fourth 
and fifth days may represent a delayed re- 
sponse in the resin-forming processes in the 
tree in adjusting to the disturbance in the 
pressure equilibrium of the resin duct sys- 
tem caused by the initial draining. 

Flow from the untreated wounds made 
during the first 2 days apparently was re- 
stricted, and the pressure equilibrium was 
not displaced as far as in the acid-treated 
group. The time lag between the initiation 
of draining and the response in the resin- 
forming reactions, however, was apparently 
the same as in the acid-treated group be- 
cause both groups reached a peak flow on 
the fifth day. 

Total yields from the two groups of 
trees (Table 3) were not significantly dif- 
ferent at the 5-percent level. Therefore, 
the acid treatment did not appreciably in- 
crease the yield of resin per unit width of 
wound over that obtained by mechanical 
wounding alone during the period of this 
test. 

‘The next step was to determine whether 
daily yields in this test were a measure of 
the daily rate of production within the seg- 
ment of the tree which was tapped. If the 
number of open resin ducts is not a limiting 


TABLE 4. 


factor, the resin produced in the tapped 
segment of the tree will drain out as fast 
as it is produced, 

The number of open resin ducts was not 
a limiting factor, as demonstrated by data 
obtained during the last 3 days of the test. 
During this period resin was collected 
separately from two portions of the aggre- 
gate wound surface. “Two cups were in- 
stalled on each tree. The cup that had been 
installed at the base of the tree when the 
experiment started was left in place. A 
second cup was installed on each tree near 
the upper edge of the wound surface so as 
to collect only the resin from wounds made 
during the last 3 days. 

The yields ( Table 4 ) show that the acid- 
treated wounds made during the first 11 
days of the test were still contributing 43 
percent of the total yield obtained during 
the last 3 days, while the new wounds 
above them produced 57 percent. On the 
untreated trees, only 12 percent of the total 
vield for the last 3 days came from the 
older lower wounds, and 88 percent came 
from the new wounds above. 

These results indicate that a_ greater 
number of resin ducts remained open for 
resin flow during the last 3 days of the test 
on the acid-treated wound surface than on 
the untreated wound surface. Since the 
total yield from the trees with acid-treated 
wounds during the last 3 days was slightly 
less than that from the trees with untreated 
wounds, flow of resin must have been lim- 
ited only by the ability of the trees to pro- 


Yields during the last 3 days of test showing portion obtained 


from previous wounds made during first 11 days (lower cup) and portion from 
current wounds made during this 3-day period (upper cup). 


Wound Lower cup 
treatment (old streaks) 
Grams % oft (otal 
\cid 555 43 
Untreated 176 12 
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Upper cup Total for 

(new streaks) both cups 
Grams % of total Grams 
738 37 1,294 
1,343 88 1,519 


duce and not by the number of open resin 
ducts. 

In this test two points of fact were estab- 
lished. Flow was unrestricted in both 
treatments, at least during the last 10 days, 
and yields were not significantly different 
for the two treatments. The conclusion is 
that acid treatment of wounds did not stim- 
ulate the resin-forming processes in these 
trees to a greater extent than mechanical 
wounding alone, 


Conclusion 

Although increased yields of resin can be 
obtained by spraying wounds with strong 
solutions of sulfuric acid (40 to 60 per- 
cent), the empirical facts described here 
indicate strongly that this acid does not 
stimulate the production of resin in the tree, 
but merely facilitates the outflow by pro- 
longing the time during which resin ducts 
remain open after wounding. The pressure 
equilibrium in the resin duct system may be 
displaced sufficiently by the more rapid 
draining associated with acid treatment to 
result indirectly in a higher rate of resin 
production than is obtained with mechanical 
wounding. Where this occurs, the fre- 
quency of mechanical wounding is obvi- 
ously not great enough to utilize fully the 
capacity of the tree to produce resin. 


Summary 


Solutions of sulfuric acid (40 to 60 percent 
by weight) and other strong electrolytes 
have been used successfully to increase the 
rate and duration of resin flow from fresh 
wounds on naval stores pines. 

The following evidence on the mecha- 
nism of response was derived from studies 
of the chemical treatment of turpentine 
wounds on slash, longleaf, and_ loblolly 
pines: 

1. In loblolly pine, which has resin of 
low viscosity, sulfuric acid treatment of a 
fresh wound resulted in an increase in the 
initial rate of exudation of resin. The rate 
of increase is slower and more variable in 
longleaf and slash pines, which have more 
viscous resin. 


2. The increase in resin flow from a 


wound treated with acid did not extend to 
an untreated wound | to 3 inches higher up 
the tree. 

3. Treatment of phloem in situ with 
acid causes resin to collect under pressure 
in a blister at the cambium, and to exude 
through the phloem. 

4. Sulfuric acid causes destruction of the 
cambium for about 34 inch above a wound 
and taps radial ducts in this zone where 
they adjoin the cambium. 

5. Sulfuric acid enlarges the openings of 
radial resin ducts near the cambium by 
collapsing or destroying the epithelial and 
ray parenchyma, 

6. Formation of short multiple resin 
ducts in wide bands of vertical parenchyma 
has been observed 2 inches above acid- 
treated untreated 
wounds cut into the wood. These traumatic 


wounds and_ above 


ducts probably do not account for the in- 
crease in resin yields obtained with acid 
treatment. 

7. Resin was drained faster than it was 
synthesized in the tree by successive wounds 
made every 12 hours during a period of 
14 days. At this frequency, yields from 
acid-treated wounds were not significantly 
greater than from untreated wounds. Hence 
acid did not cause an increase in the ap- 
parent rate of synthesis of resin. 

8. The available evidence suggests that 
sulfuric acid treatment serves chiefly to 
facilitate the outflow of resin from the duct 
system. 
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Ninth International Botanical Congress to 


MonrrREAL, QUEBEC, CaANnapa, is the locale of 
this international meeting of plant scientists to 
be held at McGill University and the Uni- 
versity of Montreal from August 19 to 29, 
1959. The program as tentatively organized 
includes 16 sections, among them forest bot- 
any, nomenclature (August 16 to 19), taxon- 
omy and geographiy of vascular plants, phyto- 
pathology, morphology and anatomy, physi- 
ology, ecology, and cytology and _ genetics. 
Field trips to various parts of Canada are 
planned both before and after the congress. 
Some are general and others for special pur- 
poses, for example, forest botany in Ontario 
and in Quebec. 

Membership in the Ninth International Bo- 
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Snow, ALBERT G., JR. 1944. The use of 
chemical stimulants to increase gum 
yields in slash and longleaf pine. U. S. 
For. Serv. South. For, Exp. Sta. Occ. 
Pap. 106. 

—————.. 1948. Effect of sulfuric 
acid on gum yields from slash and long- 
leaf pines. U. S. For. Serv. Southeast. 
For. Exp. Sta. Tech. Note 68. 
em a, 1954. Progress in develop- 
ment of efficient turpentining methods. 
U. S. For. Serv. Southeast. For. Expt. 
Sta. Pap. 32. 

SoLopKI, TH., and T. VassKovsKAyYa. 
1933. Experiments in tapping. For. 
Chem. Indus. (U.S.S.R.) 2(8): 36-43. 
(Translated by U.S. Dept. Agric.). 


be in Canada in 1959 


tanical Congress will be open to all persons 
interested in botany. The first circular with 
preliminary information and queestionnaire 
was issued January 31. The second circular 
will be sent only to those who returned the 
questionnaire or who ask to be placed on the 
mailing list. Those wishing to be placed on the 
mailing list or desiring further information 
may write to the Secretary-General, 1X Inter- 
national Botanical Congress, Sicence Service 
Building, Ottawa, Canada, 

International botanical congresses are held 
at intervals of about five years. All previous 
ones except that at Cornell University in 1926 
were in Europe. 


Effects of Fertilization and Thinning 
On Chemical Composition, Growth, and 
Specific Gravity of Young Douglas-fir 


FERTILIZATION of forest stands is likely to 
be tried more and more in forest manage- 
ment in efforts to improve growth on the 
poorer sites. In evaluating the results of 
such treatments it is necessary to know if 
they cause important changes in the chemi- 
cal composition and the physical properties 
of wood, To assist in solving this problem 
an experiment was designed for studying 
the wood grown before and after fertiliza- 
tion and thinning on trees of a 30-year-old 
stand of Douglas-fir (Pseudotsuga men- 
ziest (Mirb.) Franco). 

In recent years an increasing number of 
studies have been made on the response of 
forest trees to fertilization—especially to ap- 
plication of nitrogen. A  comprehensite 
bibliography with abstracts of this topic has 
been compiled by White and Leaf (1957). 
The response of young Douglas-fir to fer- 
tilization was studied for trees 10-15 years 
old (Gessel et al., 1951; Gessel and 
Walker, 1956) and for 30-year-old trees 
(Shareeff, 1955; Gessel and Shareeff, 
1957). The latter stand was fertilized to 
increase wood increment on trees approach- 
ing merchantable size; it was also thinned. 

Wilde et al. (1951) have studied the re- 
lationship between different types of soils 
and the yield and quality of jack pine 
(Pinus bankstana Lamb.) pulpwood. Site 
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conditions and the height in the tree at 
which the sample was taken influenced spe- 
cific gravity of the wood and the alpha- 
cellulose content. However, when their 
data on the alpha-cellulose percent are 
plotted against either site index or rings per 
inch the correlation seems rather poor. The 
amount of alcohol-benzene solubles were 
slightly greater in the lower level of the 
stem than at the 25-foot height. 

The rate of growth and composition of 
wood of quaking aspen (Populus tremu- 
loides Michx.) and largetooth aspen (Pop- 
ulus grandidentata Michx.) in relation to 
natural soil fertility have been studied by 
Wilde and Paul (1948, 1951). They re- 
ported the lowest specific gravity and the 
lowest alpha-cellulose content from the 
areas having infertile soils. However, an 
examination of their data shows that the 
differences in specific gravity were small 
and the relationship did not hold in all in- 


stances. 


The authors are Associate Professor of For- 
est Products and graduate student respectively, 
College of Forestry, University of Washington, 
Seattle. This project was supported from funds 
wailable for medical and biological research 
through Washington State Initiative 171. 
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Materials and Methods 


The trees used in the study described here 
were cut from four 1/10-acre sub-plots 
that had been established for the purpose 
of studying growth response to fertilization 
and thinning (Shareeff, 1955; Gessel and 
Shareeff, 1957). Since details of the area, 
soil, climate and the treatments are stated 
in their reports only a very brief description 
of the plots will be given here. 

‘The four sub-plots were part of a single- 
acre plot in a stand growing on a gravelly 
outwash soil at the Charles Lathrop Pack 
Demonstration Forest, LaGrande, Wash- 
ington. The area had been burned prior to 
the establishment of the present stand. The 
soil is gravelly sandy loam to a depth of 18 
in. and gravelly loamy sand to a depth of 
10-15 ft. The site index is 92, which is a 
high Site V for Douglas-fir. 

The stocking in the plots used in this ex- 
periment was 3,700 trees per acre. Four 
1/10-acre plots were assigned to the fol- 
lowing treatments: control, thinning only, 
thinning and fertilization, and fertilization 
only. The thinning was based on the prin- 
ciple of crown thinning. The number of 
trees on each tenth-acre plot was: 355 on 
Plot 1N (unthinned and fertilized), 107 
on Plot 2N (thinned and fertilized), 381 
on Plot 18 (unthinned and unfertilized), 
and 92 trees on Plot 2S (thinned and un- 
fertilized ). 

Fertilizer was applied in April, 1950, 
and in April of each succeeding year. Ini- 
tial nitrogen application was at the rate of 
100 Ibs. of N per acre in the form of am- 
monium nitrate and ammonium phosphate. 
Also applied on a per-acre basis were P2Os, 
150 lbs.; K2O, 30 lbs.; and lime, 50 Ibs. In 
the second year 100 lbs. of N in the form 
of urea were added, and in each of the next 
two years, 50 lbs. of N were applied. A 
total of 300 Ibs. N per acre had been ap- 
plied during a 4-year period. 

In the fall of 1953, four growing seasons 
after the beginning of the experiment, four 
codominant trees were selected from each 


1/10-acre plot. Average codominants in 
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the thinned plots were selected by consider- 
ing the relation of the tree to the neigh- 
boring stumps that represented the trees cut 
in the thinning operation and by observing 
the characteristics of the crown of the tree. 

To avoid possible effects of proximity to 
either crown or base a 2-foot length of 
trunk was cut from each tree between 4 


and 6 ft. above the ground. 
I 


Discs from 
4- to 344-in. thick were cut and allowed 
to season to prevent growth of organisms, 
and to minimize chemical changes due to 
activity of parenchyma tissue. For specific 
gravity, percent summerwood, and growth 
measurement, discs were selected that were 
free from knots or defects. Four samples, 
one from each quadrant of the disc were 
cut from each of the two 4-year growth 
periods (1946-49 and 1950-53) represent- 
ing the wood formed before and after the 
time of treatment. The wood of each 4 
years was split out as small blocks or chips 
with a knife curved to the contour of the 
rings. The amount of summerwood and 
the total growth were measured on smooth- 
cut surfaces with the aid of magnifying 
lenses and a finely calibrated rule. Specific 
gravity for both growth periods was deter- 
mined by the immersion method. The spe- 
cific gravity reported for each growth pe- 
riod of 4 years was the average of 4 trees 
using 4 blocks per tree, one from each 
quadrant of that particular growth period, 
Specific gravity was expressed on the basis 
of oven-dry weight and volume when green 
(resoaked wood). All the wood used in 
this experiment was sapwood, 

The analyses for ash, extractives, lignin, 
holocellulose, and alpha-cellulose were 
based on the procedures currently described 
in TAPPI Standards (1953). The wood 
of each 4-year period—before and after 
treatment — was separated from two or 
more discs by splitting. The wood chips 
produced were further re-split to match- 
size diameter and fed into a small Wiley 
mill. The knife settings and the screen 
used produced particles that passed through 
a 40-mesh screen with a minimum of fines 


gre: 


passing through an 80-mesh screen. Ex- 
cept in the holocellulose and alpha-cellulose 
tests, the analyses were made on the total 
wood samples that passed the 4(-mesh 
screen. The solubles were determined suc- 
cessively on the same sample in the order: 
ether, alcohol-benzene, and hot water. 
These modifications of procedure are the 
same as those of Kurth ( 1948). For the 
celluloses, the particles used were those that 
passed a 4(0-mesh sieve but were retained 
on a 60-mesh sieve. Preliminary experi- 
ments showed that seven or eight chlorina- 
tions were optimum for preparing holocel- 
lulose. More than this caused a definite 
degradation with little or no change in 
whiteness and only a slight decrease in 
residual lignin. A preliminary test showed 
that residual lignin was present (0.3 per- 
cent) in the holocellulose even after 10 
cycles of chlorination. ‘Tests for residual 
lignin were run during the regular experi- 
ment on outer and inner samples of one 
tree on Plot 1N and on composite outer 
samples and composite inner samples from 
all the trees from Plot IN. The tests on 
the individual tree gave 0.4 percent resid- 
ual lignin in the holocellulose and the tests 
of the composite samples gave ().5 percent 
residual lignin after 7 chlorinations. There- 
fore, it can be assumed that for these trees 
the amount of residual lignin in the holo- 
cellulose samples was approximately one- 
half percent. Lignin residue is a problem 
inherent to empirical methods of cellulose 
analysis. It was impracticable to make extra 
holocellulose determinations on all the wood 
samples for purposes of checking the lignin 
content. It was believed that the purposes 
of the experiment would be better served by 
using the holocellulose for determining 
alpha-cellulose content. 

The method for determining alpha cel- 
lulose was TAPPI Standard T 203 m 44 
which applies to chemical pulps. In_ this 
case, it was applied to the prepared holo- 
cellulose fraction of the wood which 
had been dried at 103° C. for about 2% 


hours. 


In the chemical analyses, instead of test- 
ing two samples from the same source 
simultaneously, one sample of the 4-y ears’ 
growth before the time of plot treatment 
was run at the same time as one from the 
4-years’ growth after treatment. This type 
of matching was thought to be preferable 
to the usual duplicate runs on the same 
sample that subject the separate samples to 
possible variations in experimental condi- 
tions which might obliterate the differences 
between the two erowth periods, The 
samples were placed in the apparatus at 
random to prevent possible effects of one 
piece of equipment always being used with 
samples of one source class. The several 
types of analyses produced consistent re- 
sults associated with either the growth pe- 
riod before plot treatment or after treat- 
ment. Without pairing, such differences 
might be justifiably ascribed to chance error 

or the differences might be lost in the 
pooling of data of a limited number of 
samples. 


Results 


The results of the physical and chemical 
measurements are presented in Tables 1 to 
3. Each entry is the average of four trees 
from the plot and represents the wood 
formed in the periods before and after the 
plot treatment as indicated by the column 
headings. 

The plot data for each kind of measure- 
ment and analysis were subjected to the 
““t” test as it applies to significance of dif- 
ference between means on paired data—in 
this case before and after treatment. The 
degree of significance is reported at three 
levels: 90 percent, 95 percent, and 99 
percent. 

The ‘“‘t” test gives an indication of the 
reliability of the differences between the ex- 
perimental data for the wood formed on the 
same trees before as compared to after the 
fertilizing and thinning. The untreated 
trees on the control plot provide a check 
and a basis of comparison over the same 
periods especially for effects caused by fac- 
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TABLE 1. 


Major constituents of wood of young Douglas-fir, in percent,’ before 


and after thinning and fertilization. Four years of growth for each period. 


Plot number 


and treatment Lignin Holocellulose 
Before After Before After 
treat- _ treat- Differ- treat-  treat- 
ment ment ence — ment ment 
ee ence ae re 
1S control Bont ast 0 74.5 74.3 
28 thinned 23.8 23.6 —.2 75.2 74.6 
IN fertilized 24.3 24.6 +-.3 3h 72.4 
2N fertilized 23.4 23.6 3.9 75.4 74.5 
ind thinned 
IPercentages based on oven-dry weights of untreated woo 
“Each value is the difference between the means—after 
it the 90% level of confidence is indicated by 


Terence 
hy 


tors other than thinning and fertilization. 
The degree of variation in the response of 
to 
flected in the levels of significance that are 
obtained. Also, the size of the differences 


individual trees treatment will be re- 


between the data of the 4-year growth peri- 
treatinests, as reported in the tables, should 
be used as an additional guide to judge the 
importance of any treatment or the com- 
bination of treatments. An analysis of vari- 
ance also was employed on the differences 
between the data of the 4-year growth peri- 
ods of the trees, averaging the effects of 
treatments on a pooled variance basis. ‘The 
conclusions confirm what can also be de- 
duced from consideration of the degree of 
significance between the means before and 
after treatment within the plot and of the 
magnitude of the differences from one plot 
to the next.! 

The 


data in 


from the 
Table 1 is that relatively few kinds 


first obvious conclusion 


of chemical analyses were significantly dif- 
ferent for the two 4-year growth periods. 
The trees from the fertilized-and-thinned 


Replication of plots was not possible on this 
established area. However, the four tenth-acre 
plots were from a single acre which had been 


selected for uniform conditions. 
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Alpha-cellulose Ash 

Before After Before After 
Differ- treat- treat- Differ- treat-  treat-  Differ- 
ence ment ment ence ment ment ence 
— —— Percent ———Percent-——— 
= 2 $2 $09 — 36% OFF O20 4208 
— 6 §2.5 $1.7 — $i 0.17 0.21 + .04¢ 
as 3 51.0 50.1 — 9 0.18 0.22 +.03+ 
— 93 53.9 $2.3 an | GF 0.17 0.20 +. 03+ 


it the 95% level by 7; 


i samples. 
treatment. A significant dif- 


and highly significant, 99% level, 


treatment minus before 


plot showed a small but significant decrease 
in the percentage of holocellulose compared 
to the wood formed prior to the experiment. 
The plot that was fertilized only, showed 
an uncertain decrease. 

The alpha-cellulose content of the wood 
formed after plot treatment was lower for 
all plots than that formed prior to treat- 
ment. The degree of significance of the 
difference between the means for each plot 
Table 1. The greatest 
crease of alpha-cellulose ( 1.6 percent ) OC- 


is shown in de- 
curred in the plot that was thinned and fer- 
tilized. There was no clear-cut effect of 
had the 
creater effect and there was a tendency 
toward a greater decrease with the com- 


thinning alone. Fertilization 


bination treatment as indicated by analysis 
of variance. 

It should be noted that the actual per- 
cent of alpha-cellulose of the wood formed 
after thinning and fertilization (Plot 2N) 
was as high or higher than that of other 
plots. This is so because on this plot, the 
wood of the inner period was initially higher 
in cellulose averages than that of the other 
plots for the same period, This indicates 
again that the differences between the re- 
sults on the wood formed before and after 


treatment are a proper measure for come- 






iS 


d 


hee 


paring treatment effects and minimizing 
inherent differences between trees and ini- 
tial conditions of the plots. 

The lignin content was practically the 
same regardless of the kind of plot treat- 


are so small that even with some signifi- 
cance indicated for one of the plots there is 
no real importance attached to the variation 
in lignin content in this sampling. 
Considering the data of Tables 1 and 2 


ment. The differences between the means it seems clear that if the decrease in alpha- 


for the periods before and after treatment cellulose is real, it is associated with a de- 


TABLE 2. Extractives in wood of young Douglas-fir, in percent,' before and 
after thinning and fertilization. Four years of growth for each period. The 
samples were extracted in the order listed. 


Alcohol-benzene 


Ether extractives extractives Hot water extractives lotal extractives 
Before After Before After Before After Before After 
Plot number treat- treat- Differ- treat- treat- Differ- treat- treat- Differ- treat-  treat-  Differ- 
ind treatment ment ment ence= ment ment ence ment ment ence ment ment ence 
nnscl Pigipag eiibicnaiadiiaes ee ee ee Percent—— 
1S Control 0.73 0.63 aw. 16 0.72 1.05 f.. 332 1.33 1.35 + ()2 a7 2.96 1.19 
2S Thinned 0.79 0.66 —.13 0.78 1.01 +.234 1.20 1.27 +-.07 2.70 2.94 +.24 
IN Fertilized 0.76 0.90 +.14 0.71 1.0 +..36 1.09 1.14 +.05 2.56 3.11 +.55¢ 
2N Fertilized 0.75 0.85 +.10 0.79 1.21 +.42¢ 0.99 0.77 —.22 2.53 2.84 +.314 
ind thinned 
IPercentages based on oven-dry weights of untreated w i samples. 
“Each value is the difference between the means—after treatment minus before treatment. A significant difference 
it the 90% level of confidence is indicated by *; at the 95% level by +; and highly significant, 99% level, by 


TABLE 3. Diameter growth, percent summerwood, and specific gravity of 

young Douglas-fir before and after treatment. Four years of growth for each 
nest 

period. 





Plot number Diameter growth , Specific gravity 
r é 
and treatment in inches Percent of summerwood (green vol.—o. d. wt.) 
Before After Before \fter Before After 
treat- _—‘treat- Differ- treat- _—treat- Di ffer- treat- treat- Differ- 
ment ment en e! ment ment ence ment ment ence 
1S Control 0.46 0.36 107 39 37 2 6.521 @5t4 — 667 
2S Thinn«e 048 0.40 O8t 36 32 0.500 0.50 1 OO 
2 1inne< i ; £ 2 i : 
IN Fertilized 0.56 0.56 007 32 31 — | 0.450 0.413 0377 
2N Fertilized 0.46 0.64 +182 4+() 29 —11F 0.523 0.438 —.085¢ 
and thinned 
lEach value is the difference between the means—after treatment minus before treament. A significant difference 
it the 90% level of confidence is indicated by *; at the 95% level by +; and highly significant, 99% level by f. 
“Although there is no change in Plot 1N it is apparent that the normal falling off of diameter growth with 
uge, as reflected in the control plot, has been prevented by fertilization. Statistical verification was made by the anal- 


ysis of variance of the differences—before and after treatment—for all 16 trees. The analysis indicated a significant 


growth response due to fertilization independent of thinning effects and control. 
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crease in the amount of holocellulose due 
to fertilizing and thinning rather than a 
change in the percentage of other constitu- 
ents such as lignin and extractives. 

The ash analyses showed very small but 
consistent differences between the means of 
the two growth periods. The slightly higher 
ash content of the wood formed after treat- 
ment is associated with the untreated plot 
as well as with thinning or fertilization; 
therefore plot treatments cannot be the 
causative factor. The differences between 
the percent ash of the outer and inner sam- 
ples were only 0.03 to 0.04 percent regard- 
less of plot treatment. It appears that this 
small increase is associated with position in 
sapwood or with age. The color of the ash 
of the outer wood was generally a tan, 
whereas the color of the ash of the inner 
fraction was usually gray. The ash was not 
analyzed for differences in composition. 

In only two plots—fertilized, and fer- 
tilized and thinned—were there changes in 
total extractives, after plot treament, that 
were significant at the confidence level of 
95 percent or better (Table 2). The max- 
imum difference was ().55 percent, in the 
fertilized plot; in the other plots the differ- 
ence Was (0.3 percent or less. The tendency 
toward greater total extractives in the last 
four rings seems to be due to the larger 
amounts of alcohol-benzene extractives in 
that portion because a consistent and sig- 
nificant difference is indicated for each of 
the four plots. The differences ranged 
from ().23 percent to 0.42 percent. The 
data on alcohol-benzene extractives are 
similar to those of the ash analyses in that 
the greater quantity found in the outer 
rings is not confined to plots that had re- 
The highest alcohol- 
extractive content and the greatest change 
were in the fertilized-and-thinned plot and 


ceived treatment. 


the smallest content and change were in 
the thinned plot. This argues against the 
possibility of a shock effect of thinning. 
Comparing the differences between the 
treatment means for the 4 plots, it is con- 
cluded that the increased amount of alco- 


hol-benzene solubles found in the outer por- 
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tions was due in part to position in the 
sapwood and that additional amounts were 
associated primarily with fertilization. There 
was a tendency toward somewhat greater 
effect in combination with — thinning. 
Kurth’s data (1948) on Douglas-fir show 
greater amounts of ether and alcohol extrac- 
tives but his samples were on wood from 
older trees, included some heartwood, were 
from a different geographical area and, 
therefore, probably from a completely dif- 
ferent site. 

The amounts of ether extractives and 
hot-water extractives before and after plot 
treatment were not significantly different 
for any of the plots. Neither treatment nor 
position in the sapwood had any apparent 
effect on these constituents. 

In the control plot, the diameter growth 
was 22 percent less during the last 4+ years 
than during the previous 4 years (‘Table 3). 
Aside from a normal decrease expected due 
to competition there was an unusually dry 
year in 1952 which may have contributed 
to the decrease. In the thinned plot, the 
growth rate before thinning was almost the 
same as for the control plot; but the growth 
after treatment (thinning) did not decrease 
as much (17 percent) as in the control 
plot (22 percent). Fertilizing appeared to 
maintain the prior growth rate in the un- 
thinned stand. Fertilizing and_ thinning 
combined gave a greater growth rate than 
either treatment singly and was 39 percent 
greater than the diameter growth of the 
same trees for the 4 years prior to treat- 
ment of the plot. In comparison to the con- 
trol plot and the thinned plot, which also 
had the same diameter growth for the pe- 
riod prior to treatment, the increase in the 
growth of these trees on the fertilized-and- 
thinned plot is all the more striking. The 
effect of thinning on growth was significant 
but there was no significant interaction with 
fertilization, therefore, no enhancement 
beyond the normal contributions from both 
factors. 

The percent of summerwood in the two 
growth periods, before and after treatment, 
was about the same in all plots except the 
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thinned and fertilized. In this case, the 
percentage decreased (significant at 95 
percent level) from 40 percent before treat- 
ment to 29 percent after treatment. One 
reason for this may be the faster growth 
rate after plot treatment. 

‘The specific gravity of the wood formed 
before and after treatment was the same 
for the control plot and for the thinned 
plot (Table 3). Fertilization caused a de- 
crease of 8 percent in specific gravity, and 
fertilization plus thinning caused a decrease 
of 16 percent, The high level of statistical 
significance coupled with the percentage de- 
crease gives much more importance to the 
results of the combination treatment than to 
the fertilization only. 

An association is indicated between spe- 
cific gravity and the percent of summer- 
wood in the rings. The fertilized-and- 
thinned plot was the only one which showed 
a decrease, from previously formed wood, 
both in specific gravity and percent sum- 
merwood. As previously noted, the de- 
crease in specific gravity in this plot was 
much more than in the plot fertilized only, 
which showed no significant change in per- 
cent summerwood. 

The average summative analysis values 
by plots for extractives, lignin, and holo- 
cellulose (corrected for residual lignin of 
0.5 percent) range from 100 percent to 
101 percent for each of the 4 plots which, 
considering the sequence of analyses, is 
within acceptable limits of departure from 
the theoretical 100 percent. It also indi- 
cates that no set of experimental data is 
likely to be far from the true values. 


Discussion 


Except for special situations, the experiment 
indicates that the cellulose content is the 
chemical factor that warrants further study 
with more samples as well as more wide- 
spread sampling of different areas and sites. 
Reductions of one percent or more of holo- 
cellulose and alpha-cellulose could assume 
importance in the production costs of the 
pulp and chemical utilization industries. 


Likewise, wood chips of low specific grav- 
ity give less cellulose yield per unit of space 
and per unit of cooking chemicals than 
chips of higher density—other things being 
equal. ‘Therefore, it becomes economically 
important to know if the wood from treat- 
ed forests will produce as much usable cel- 
lulose at a comparable cost of pulping as 
wood from untreated forests. 

Wilde et al. (1951) found that even in 
areas of faster growth and lower specific 
gravity of wood (jack pine) the yield of 
alpha-cellulose per acre was much greater 
than on other areas. ‘They also found that 
the yield of alpha-cellulose per cord was 8 
percent greater in wood from a fertile site 
than in wood from a poor site. (However, 
another poor site also gave a high yield of 
alpha-cellulose per cord and the highest 
yield on a weight-of-wood basis.) The 
question arises whether different inherent 
characteristics of trees are involved or if the 
site conditions are the direct cause of these 
differences. In the present study of Doug- 
las-fir, a comparison of wood formed before 
and after treatment of the stand shows that 
part of the variation between plots is caused 
not by the changing of site quality but 
rather by inherent differences between the 
trees and the plots. In contrast to the study 
mentioned above, the content of alpha-cel- 
lulose in this study was somewhat lower as 
a result of better growing conditions for the 
same trees on the same plots. 

‘The practical aspect is that an increased 
rate of wood production per acre on a poor 
site and a lower cost per unit of volume 
may offset a small difference in percent of 
cellulose, a lower specific gravity of wood, 
and a slightly higher pulping cost per ton 
of pulp. In addition, the greater volume 
produced is desirable as long as mechanical 
and physical properties are not impaired to 
the extent that marketability is seriously af- 
fected. 

‘The growth rate during the final 4 years 
of the trees used in this study was in the 
same order as that found by Shareeff 
(1955) on a more intensive growth study 
on the same areas. The order in both 


volume 4, number 4,1958 / 313 








studies was: control < thinned < fertilized 


< thinned and fertilized. 


Data on the 50) 
largest trees in each 1/10-acre plot (Sha- 
reeff, 1955; Gessel and Shareeff, 1957) 
show that the volume of total-stem growth 
on the fertilized plot was double that on the 
control plot. The increase on the thinned 
and fertilized plot was 66 percent more 
than the control value (Shareeff, 1955). 
Computations on the selected co-dominant 
trees used in this study show increases of 
approximately 60 percent and 80 percent 
for the respective plots based on an average 
diameter of 4+ in. and volume increment for 
a cylinder of unit length. Considering the 
greater spread of tree sizes in the 50 largest 
trees the difference in expressing growth 
volume, and the greater accuracy obtain- 
able by a larger sample, the agreement be- 
tween the two experiments is good. 

If the annual increment per acre for the 
high Site V for the 500 largest trees in that 
acre can be (Shareeff, 1955) 
from 82 cu. ft. (control plot) to 108 cu. ft. 
(thinned) to 122 cu. ft. (fertilized) to 136 
cu. ft. (fertilized and thinned), then re- 


increased 


ductions of specific gravity of 10 to 15 per- 
cent should be tolerable from the stand- 
point of fiber production. No attempt was 
made here, nor in the other studies on these 
areas, to determine the costs of fertilizing 
and thinning, but on the basis of the in- 
crements of the first and last plots just men- 
tioned and applying the correction for spe- 
cific gravity change found in this experi- 
ment, the periodic annual fiber yield per 
acre was 3,700 lbs. for the fertilized-and- 
thinned plot and 2,650 lbs. for the control 
plot, a gain of 1,050 lbs. of fiber per acre 
per year. This indicates that moderate re- 
ductions in specific gravity can be disre- 
garded because of the increase in annual in- 
crement. 

Finally, it should be kept in mind that 
work reported in this paper was necessarily 
limited to one small forest area of quite 
uniform conditions. Further studies on the 
effects of fertilizing and thinning a stand 
upon the character of the wood are ob- 
viously very desirable. 
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Summary 


The effects of fertilization and thinning on 
wood formed over a 4-year growth period 
on a 30-year-old Douglas-fir stand (high 
Site V) compared to the wood 
formed on the same trees in the 4 years be- 
fore treatment. Four 1/10-acre plots were 
used — control, thinned, fertilized, and 
thinned and fertilized. Four average co- 
dominant trees were selected from each of 
the 4 plots. The tree sections used for 
study were taken at breast height. 


were 


The wood formed :n the two growth 
periods, before and after plot treatment, 
was analyzed for lignin, holocellulose, 
alpha-cellulose, ash, and three classes of ex- 
tractives—hot water, alcohol-benzene, and 
ether. ‘There was little or no significant 
difference in most cases between the anal- 
yses of the wood formed before or after 
plot treatment. Slightly lower holocellu- 
lose and alpha-cellulose values were found 
in the 


wood formed 


after fertilization. 
Thinning caused some tendency toward re- 
duced cellulose content compared to the 
wood formed before thinning on the same 
trees, but thinning and fertilization com- 
bined gave the greatest reduction. In all 
plots, control and treated, ash was slightly 
but not importantly higher in the outer 
rings than in the growth prior to the last 4 
years. The same was true of the alcohol- 
benzene extractives. Ether solubles and hot- 
water solubles showed no change with 
either radial position or plot treatment. 
Growth rate was greatest in the fer- 
tilized-and-thinned stand, second in the 
fertilized stand, third in the thinned stand, 
and least in the control. The results on 
growth are compared to data obtained by 
others which represent measurement of 
volume increment of all trees in the plots. 
The percent of summerwood decreased 
significantly in one case — after thinning 
and fertilizing. Specific gravity decreased 
following fertilization, more so with the 
combination of thinning and fertilizing. The 
increased volume increment obtained from 


fertilizing and thinning had much more 
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weight of fiber (dry basis) than untreated 
stands even after allowance for a decrease 
in specific gravity. 

There is a need for more studies on the 
effects of fertilization and thinning on the 
cellulose content, growth rate, and specific 
gravity using more samples and trees from 
different geographical areas, age classes, 
and site classes. 
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Tracheid Length Variation and Inheritance 


In Slash and Loblolly 


CONIFER ‘TRACHEID LENGTH has been a 
subject of investigation throughout the 
world for over 80 years. Spurr and Hyva- 
rien (1954) published a fairly compre- 
hensive review of the literature on wood 
fiber dimensions as related to position in the 
tree. Most of the inv estigations were made 
for the purpose of (1) continuation of 
Sanio’s work on distribution of fiber length 
in the stem, (2) variation within tissues 
such as springwood and summerwood, or 
(3) effect of growth rate on fiber length. 
Conifer tracheid dimensions and structure 
are closely related to properties of wood 
quality such as strength, shrinkage, density, 
and pulp yield (Mitchell, 1956). Current 
interest in the selection of superior trees for 
breeding purposes has given impetus to the 
study of the hereditary variation in the ana- 
tomical features such as tracheid length, 
proportion of summerwood, specific gravity, 
and fibril angle. The objective of this 
study was to determine to what extent the 
tracheid length in slash pine (Pinus elliott 
Engelm.) and loblolly pine (P. taeda aan 


is modified by breeding. 
Procedures 


Wood samples of parents and their open- 
and cross-pollinated progeny were obtained 
from the forests and out-plantings at the 
Ida Cason Callaway Foundation at Ham- 
iiton, Georgia. Most of the progeny stock 
had been propagated by the junior author 
while in the employ of the Foundation from 


1950 to 1954. 
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Pine 


BY 
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In other studies by Carnes (1957) and 
Greene (1956), it was found that first 
ring tracheid length in stem-branch pairs 
was highly correlated for slash pine (r = 
().7313) and loblolly pine (r = 0.646 and 
r = 0.7313). In two 24-year-old lob- 
lolly pines, there was only a small variation 
ii first ring tracheid length with height in 
stem, the total range being only 1.38 to 
1.84 mm. These data showed that it is 
feasible to use branch tracheids for com- 
parative purposes. The use of branch sam- 
ples also prevented serious injury to the 
parents and their progeny. Tracheid length 
measurements were made of the wood in 
the first ring from the pith of the branches. 
Single branches were taken from the top- 
most whorl of 7 slash pine and 3 loblolly 
pine parent trees and 10 open-pollinated 
progeny of each parent. Single branches 
were also taken from the topmost whorls 
of 10 cross-pollinated progeny of each of 
the following crosses: (1) 1 slash X slash, 
(2) 2 loblolly X loblolly, and (3) 4 slash 
X loblolly. Wood maceration and tracheid 
measurements were made according to the 
method described by Jackson and Greene 


(1957 a,b). 


The authors are Professor of Silviculture and 
Assistant Professor of Forestry, respectively, 
University of Georgia. The work was carried 
on in cooperation with the College Experi- 
ment Station. Journal Paper No. 63, College 
Experiment Station. 


Results 


Data on branch first-ring tracheid length 
variation in parents and their progeny are 
In the slash 
pine open-pollinated series, the tracheids of 


shown graphically in Figure 1. 


the progeny were significantly (at 5 per- 
cent level) shorter than those of the parents 
in 6 of the 7 parent-progeny combinations. 
An analysis of the data revealed that the 
progeny from parents with relatively long 
tracheids had relatively longer tracheids 
than the progeny from parents with rela- 
tively short tracheids. Of the possible 21 
comparisons of parents and progeny, the 
parents with the longer tracheids had 
progeny with longer tracheids in 14 or 67 
percent of the combinations. For one of 
the parents that had the longest tracheids, 
the progeny had longer tracheids than 5 of 
the 6 comparisons. Similar results were ob- 
tained for 2 of the 3 loblolly pine combina- 
tions used in the study. 

Tracheid length varied quite widely in 
the open-pollinated series with a range of 
1.09 to 1.57 mm. between individual slash 
pine parent trees. Range among the 3 lob- 
lolly pine parents was 1.10 to 1.55 mm. 
Tracheid length of the 2 groups of open- 
pollinated progeny varied from 1.05 to 
1.27 mm. This difference of ().22 mm. is 
about half of that (0.48 mm.) of the ma- 
ternal parents and demonstrates the “level- 
ing” effect of open pollination. 

In the cross-pollination series, the aver- 
age tracheid length of the progeny in 5 of 
the 7 combinations of both species was in- 
termediate to that of the two parents, equal 
to the female parent in one and the male 
in one of the crosses. Furthermore, in all 
except one of the crosses, the tracheid 
length of the progeny was much closer to 
the tracheid length of the female than the 
male parent. An analysis of the data re- 
vealed that the tracheid length of the prog- 
eny in 83 percent of the possible combina- 
tions of parents and progeny was influenced 
more by the female than the male parent. 
The tracheid length between all parents 
varied widely from 1.09 to 1.55 mm. 


Tracheid length of the progeny from all 
crosses of both species varied from 1.13 to 
1.33 mm. with a difference of 0.20 mm. 
which is about half of that (0.46 mm.) of 
the parents of both species. 
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Figure 1. Pattern of tracheid length in slash 
and loblolly pine parents and their open- and 
cross-pollinated progeny. The cross pollina- 


tions are shown as mother tree on male tree. 
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Conclusions 


There is considerable variation in the 
length of tracheids within an individual tree 
as well as between parent trees in a stand, 
Wardrop and Dadswell (1953) in Aus- 
tralia found that when the first’ ring 
tracheids were relatively long they re- 
mained longer through successive rings in 
comparison with stems with shorter tra- 
cheids. They suggested the possibility of 
breeding for long initial tracheid length. 
According to the results of this investiga- 
tion, the tracheid length of slash pine and 
loblolly pine is quite variable between trees 
and is modified by hereditary factors. On 
the basis of these results it should be feasible 
to breed pines for long or short tracheids. 


Literature Cited 


Carnes, E. T. 1957. Variation in length 
of loblolly pine tracheids. M. F. thesis. 
Univ. of Georgia. 31 pp. 


318 / Forest Science 





GREENE, J. IT. 1956. Variation in tra- 
cheid length of slash pine parents and 
progeny. M. F. thesis. Univ. of Geor- 
gia. 42 pp. 

Jackson, L. W. R. and J. T. Greene. 
1957 a. Method for fiber measurements. 
J. For. 55: 300. 

1957b. Hereditary varia- 
tions in slash pine tracheids. Proc. 4th 
Southern Conf. For. Tree Improve- 
ment, Athens, Georgia. pp. 23-26. 149 
pp- 

MircHELL, Hm. &. 1956, Breeding for 
high-quality wood. U. S. Forest Serv- 
ice. For. Prod. Lab. Report No. 2050. 
9 pp. 

Spurr, S. H. and M. J. Hyvarinen. 1954. 
Wood fiber length as related to position 
in tree and growth. Bot. Rev. 20(9): 
561-575. 

Warprop, A. B. and H. E. DapsweELt. 
1953. The development of the conifer 
tracheid. Holzforschung 7: 33-39. 





Absorption and Translocation of 


2, 4, 5-trichlorophenoxyacetic Acid 


Derivatives in Quaking Aspen 


APPLICATION OF PHYTOTOXIC CHEMICALS 
has become an effective tool for chemical 
bark removal of pulpwood and for the con- 
trol of undesirable woody plants. Recent 
studies (Shiue, 1957) indicate that the 
bark of certain species, particularly quaking 
aspen (Populus tremuloides Michx.) may 
be loosened by external application of oil 
solutions of 2,4,5-trichlorophenoxyacetic 
acid derivatives. This observation brings 
into consideration not only the question of 
translocation of the chemical within the 
stem but also more directly the mechanism 
of penetration of the chemical through 
the bark. Studies by Coulter (1951), 
Meador and Fisher (1953) and Hay 
(1956a, 1956b) indicate that the chloro- 
phenoxyacetic acid derivatives when applied 
externally to the bark of some woody plants 
move predominantly upward and that the 
downward movement within the plant is 
either absent or limited to a short distance. 
The course by which these derivatives pene- 
trate the bark of woody plants and are 
translocated within the stem has not been 
reported. The objectives of the present 
study were, therefore, to determine how 
chlorophenoxyacetic acid derivatives are ab- 
sorbed by quaking aspen when applied ex- 
ternally to the bark, and by what course 
they are translocated within the trees. Dif- 


BY 

CHERNG-JIANN SHIUE 
R. L. HOSSFELD 

L. W. REES 


ferent types of chemicals and various meth- 
ods of application were compared. 


Methods and Results 


Al sorption through l ark. Since diesel oil 
has been widely used as the carrier in appli- 
cation of chlorophenxyacetic acid derivatives, 
the translocation of the chemical was as- 
sumed to follow the course taken by the 
diesel oil. “To determine this movement, 
the carrier was colored with an oil-soluble 
anilin red. External application of the col- 
ored hormone solution to the bark led to 
the appearance of stained spots on the inner 
bark and wood, thus defining the actual 
point of entrance of the material into the 
stem. 

When smooth-barked aspen trees ( Kau- 
fert, 1937) were treated with a solution 
of butoxy ethyl ester of 2,4,5-T in colored 
diesel oil during the period of rapid growth, 
red spots appeared in the inner bark at the 
site of treatment after three days. These 
spots were coincident with the bark lenti- 
cels as illustrated in Figure 1. On the sixth 

The authors are Assistant Professor and Pro- 
fessors, respectively, S« hool of Forestry, Uni- 
versity of Minnesota. This paper is published 
as Scientific Journal Series No. 3898 of the 
Minnesota Agricultural Experiment Station, 
Institute of Agriculture, St. Paul, Minnesota. 


volume 4, number 4, 1958 319 





day the red spots had extended radially into 
the sapwood with a subsequent upward 
movement. After 12 days the sapwood, 
but not the bark, in the upper region of the 
stem showed very light red stripes extend- 


ing to the top and the terminal leaves start- 
ed blackening and wilting (Fig. 2). 

The results from treatment of rough- 
barked aspen trees differed only in that the 
initial stained area in the inner bark and 
sapwood appeared as a longitudinal stripe 
corresponding with the longitudinal bark 
fissures. 

In order to compare the reaction to the 
chemical of different formulations follow- 
ing various methods of application, 12 two- 
year-old potted aspen plants were divided 
into four groups of three plants each. In 
each group, a plant was randomly assigned 
to one of the following treatments: (1) 
2,4,5-trichlorophenoxyacetic acid (2,4,5- 
T), (2) butoxy ethyl ester of 2,4,5-T, and 
(3) diesel oil only. The chemicals were 
dissolved in diesel oil at a concentration of 


Figure 1. Stained areas 





2.4 grams in 100 cc., and applied outside 
the bark as a wet band l-inch wide located 
3 inches above the ground line during the 
period of rapid growth, 

The plants treated with 2,4,5-T acid 
remained in normal condition for about 
four weeks. At the end of six weeks the 
tcrminal bud started to unfold and pro- 
duced new leaves of distorted form. This 
distortion may be the result of uneven dis- 
tribution of the growth-stimulating 2,4,5- 
T acid within the leaf. Plants treated with 
the butoxy ethyl ester of 2,4,5-T. were 
completely killed within six weeks. The 
ester form of 2,4,5-T was, therefore, ap- 
parently more effectively absorbed through 
the bark of the aspen plants than was the 
pure acid. Since the control plants, which 
were treated with diesel oil alone, grew 
normally, all the response shown in treated 
plants may be attributed to the action of 
hormone chemicals for which the diesel oil 


serves aS a carrier. 





on sapwood and inner bark showing coincidence with locations of len- 


ticels on smooth bark «where chemical penetrated. Sample taken 6 days after treatment, Left: 
Sapwood with light-red spots. The less distinct areas above each spot indicate upward vertical 
translocation or diffusion, Center: Inner bark with corresponding red spots. Right: Note the 


perfect coincidence of the locations of lenticels on the smooth bark with the red spots on the 
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Translocation. ‘The aspen leaf is so sensi- 
tive in its response to minute quantities of 
chlorophenoxyacetic acid derivatives that 
the extent of translocation of such chemi- 
cals can be observed without difficulty. One 
of four groups, each composed of five young 
aspen plants (approximately five years old), 
was randomly assigned to one of the fol- 
lowing treatments: 

1. QOne-inch strip girdle, 2 feet above 

the ground line. 

2. Intact bark sprayed with butoxy 
ethyl ester of 2,4,5-T in diesel oil, 
2.4 grams in 100 cc., as a wet band 
3 inches wide and 2 feet above the 
ground line. 


w 


One-inch strip girdle, sprayed with 
the butoxy ethyl ester of 2,4,5-1 in 
diesel oil below the cirdle, 

4. QOne-inch strip girdle, sprayed with 
the butoxy ethyl ester of 2,4,5-T in 
diesel oil above the girdle. 

Girdling did not affect the growth of 
the plant during the first season except for 
the appearance of swelling and callus tissue 
directly above the girdle (Fig. 3-1). With- 
in three weeks after the ungirdled aspen 
plants were treated with butoxy ethyl ester 
of 2,4,5-T the plants were killed both 
above and below the point of treatment 
(Fig. 3-II1). When a girdle was placed 
above the zone of treatment, effective kill- 
ing was obtained both above and below the 
girdle (Fig. 3-III). ‘This shows that the 
chemical passed upward through the xylem 
in lethal concentrations even though a com- 
plete girdle was made above the place of 
application. Figure 3-IV shows an aspen 
plant that had been girdled and treated 


above the girdle with butoxy ethyl ester of 


2,4,5-T. 
above the girdle, but foliage below the gir- 
dle was not affected. Removal of the bark 
in girdling thus inhibited the downward 


In this case killing was observed 


translocation of lethal quantities of the 
chemicals. 

The tangential translocation within the 
aspen tree was shown to be rather limited. 
When one half of the circumference of a 





Figure 2. Illustration of upward movement 


of chemicals through the sapwood. Sample 
taken 12 days after treatment at a position 
6 feet above the point of treatment, Left: 
Sapwood with light-red stripes from the 
bottom to the top. Right: Inside of inner 


bark, s COM NC staining trom the red a Vvé. 


tree was treated with butoxy ethyl ester of 
2,4,5-T, only the half of the crown on the 
side corresponding to the treated section of 
bark was killed. This effect continued for 
an entire growing season. 

In order to test the effect of emulsifying 
additives on the absorption and transloca- 
tion, the treatments were compare d on two- 
year-old aspen plants as follows: 

l. Butoxy ethy] ester of 2,4,5-I in 

diesel oil placed on the intact stem. 
2. Butoxy ethyl ester of 2,4,5-T in die- 

sel oil applied to freshly exposed 
wood surface of the stem. 


Ww 


A water emulsion of butoxy ethyl 
ester of 2,4,5-T, using Product “fA” 
from a solvent free petroleum ether 
extractive of aspen bark (Hossfeld, 
1958) as the emulsifying agent, ap- 
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plied to the freshly exposed wood 
surface of the stem. 

The concentration of chemical was 2.4 
grams in 100 ce. of solvent. ‘The chemical 
was absorbed on cheese cloth strips, the 
strips wrapped on the stem at the position 
of treatment, and covered with a plastic 
sheet to protect from rain and rapid evap- 
oration, Response of aspen plants to these 
treatments was observed weekly. 

Application of the butoxy ethyl ester of 
2,4,5-T directly to the intact stem killed 
the plant. However, when the butoxy 
ethyl ester of 2,4,5-T was applied to the 
freshly exposed wood the plant remained 
alive for a full growing season. When the 
pure ester was emulsified with an aspen 
bark extractive and then applied to a fresh- 
ly girdled wood surface, the plant was 
killed. Since the water-insoluble ester form 
of 2,4,5 T did not kill the plant when it 
was placed directly in the transpiration 
stream, but did kill the plant after it was 
emulsified with the aspen bark extractive, 
it is inferred that some of the chemical 
components of aspen bark are responsible 
for the peculiar sensitivity of aspen to the 
pure ester form of 2,4,5-T.. When free- 
hand sections of aspen bark (50) were 
cut and stained with dilute iodine solution, 
many blue granular structures were found 
ia ray cells, phloem parenchyma, and phel- 
loderm. These blue granules did not 
change their color when heated. Accord- 
ing to Johansen (1940), this test indi- 
cates the probable presence of saponins in 
the aspen bark. Since saponins are emulsi- 
fying agents, they may, if present, play an 
important role in the action of the pure 
ester of 2,4,5-T on aspen. 


Summary 


When the butoxy ethyl ester of 2,4,5-T 
in diesel oil was applied externally to the 
bark of aspen plants, the chemical pene- 
trated the protective tissue through the fis- 
sures and lenticels, and was absorbed by 
the living tissues of the bark from which it 
was translocated radially into the sapwood, 


thence upward in the transpiration stream 
in the xylem. The downward movement 
took place within the bark. The tangential 
translocation of chemical was negligible. 

When the pure ester form of 2,4,5-T 
was applied to the exposed wood of a fresh- 
ly strip girdled stem, the chemical was not 
effectively translocated in the transpiration 
stream and there was no evidence of lethal 
effect. However, the chemical killed the 
aspen plant when it was applied to the stem 
outside the bark. Application of 2,4,5-T 
ester emulsified with an aspen bark extract- 
ive to a freshly girdled wood surface also 
effectively killed the plant. Components 
of aspen bark extractive, probably in the 
nature of saponins, appear to play an im- 
portant role in the effective absorption and 
translocation of chemical within — the 
plant. ‘The presence of these materials in 
aspen bark may explain the unusual sensi- 
tivity of the plant to bark application of the 
pure ester form of 2,4,5-T. 
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Principles of Plant Pathology 
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illus. 1957. $8.00. 
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This book on plant pathology differs markedly 
from the many that have preceded it. It 1s 
not a manual, It is not for the practitioner. 
It is not a book in which to look up a specific 
disease to determine its distribution, economic 
importance, symptoms, cause, and control. 
Rather it is a stimulating volume on the basic 
principles of plant pathology. 

Of the eighteen chapters those on the genet- 
ics of plant pathogens, the effect of environ- 
ment and nutrition on disease development, 
quarantines, eradication campaigns and inter- 
national plant protection, and resistant varieties 
were especially rewarding to the reviewer. The 
authors point out that quarantine and eradica- 
tion programs, because action is taken after the 
initial damage has been done, are always an 
admission that science has not found a satis- 
factory way to cope with certain pathogens. 

The two chapters on the genetics of plant 
pathogens and on resistant varieties can well 
be read together. The development of varie- 
ties resistant to disease is probably the most 
valuable single control of plant diseases for the 
future, but the development of new pathogenic 
strains by mutation and the possible suscepti- 
bility of new varieties to other diseases are 
phenomena that make this method less than 
certain. Furthermore, developing _ resistant 


varieties may be so time consuming that a crop 
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SH1uE, C. J. 1957. The anatomical and 
phy siological etfect of chloropenoxyacetic 
acid derivatives on trembling aspen with 
special reference to the application of 
such chemicals as debarking agents. Dis- 
sertation Abstract XVII: 1177. 
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may be destroyed economically before resistant 
varieties can be developed, i.e. the American 
chestnut attacked by chestnut blight. Further- 
more, the plural is important. Dependence on 
a single resistant variety is highly hazardous, 
In addition, the cost of developing resistant 
varieties may in the long run exceed the cost 
of control by chemicals. The possibility that 
nature can breed new pathogens as fast or faster 
than man can breed resistant varieties is par- 
ticularly disturbing to a forester, since several 
to many decades will usually be needed to de- 
velop a resistant variety of a tree. 

There are certain omissions. The increas- 
ingly important subject of air pollution is com- 
bined with soil contamination and both are 
dismissed with a few lines. Under important 
international diseases, chestnut blight, Dutch 
elm disease, and white pine blister rust are not 
mentioned. There are no citations in the text 
to the list of selected references at the end of 
each chapter, which makes it difficult for the 
reader to pursue any particular subject further. 

This book is essential reading for every plant 
pathologist. It is the first devoted to an over- 
all evaluation of the many factors that affect 
the development of diseases and their control. 
It is a successful attempt to establish a scientific 
rather than an empirical basis for plant pathol- 
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Genotypic Variation in the Time of Cessation 
Of Height Growth in Douglas-fir 


In 1898 OrvrENBLAD in Sweden observed 
that Scotch pine (Pimus silvestris L.) from 
northern Sweden stopped height growth in 
August when planted near Stockholm, 
Sweden, whereas plants from southern 
Sweden, planted adjacent to the former, 
continued growth until fall frosts killed the 
terminal shoots. Ortenblad ascribed these 
differences to hereditary adaptations to the 
length of frost-free periods in northern and 
southern Sweden ( Bornebusch, 1935). 

In 1913 Engler showed that such dif- 
ferences among altitudinal ecotypes of Nor- 
way Spruce (Picea abies (L.) Karst.) are 
of a genetic nature. Genetic diversity with 
regard to the time of cessation of height 
growth has been described in a number of 
other forest tree species (Cieslar, 1895; 
Engler, 1908; Kriebel, 1957; Langlet, 
1936; Pauley and Perry, 1954; Schott, 
1907; Vaartaja, 1957). 

The present investigation represents an 
effort to determine the genotypic variation 
in time of cessation of height growth among 
seedlings of Douglas-fir (Pseudotsuga men- 
ziesit. (Mirb.) Franco) of known origin 
when grown in a uniform environment at 
Corvallis, Oregon. An attempt is also made 
to determine genotypic variations in re- 
sponse to various photoperiods. 


Methods and Results 
During the fall of 1956 seeds’ of Douglas- 


'The author is indebted to Manning Seed 
Company, Seattle, Washington for seed from 
many of the localities mentioned in this paper. 
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fir were obtained from the areas shown in 
Figure 1 as follows: 

1. Browder Creek, Santiam Pass, Ore- 
gon, at 4000 feet elevation and with a 
frost-free period of less than 90 days 
(U.S. Dept. Agric. 1941). Seed from this 
area were collected from three single trees 
growing adjacent to each other. 
ze Detroit, Oregon, at 3600 feet ele- 
vation with a frost-free period of less than 
90 days. This collection is a stand collec- 
tion as are all the following collections. 

3. Eddyville, Oregon, at 100 feet ele- 
vation with a frost-free period of more than 
200 days. 

4. Salmon Arm, southern interior Brit- 
ish Columbia, at 1900-2100 feet elevation 
with a frost-free period of less than 90 days 
(Kendrew, 1953). 

5. Qualicum, Nanaimo, and Alberni on 
southern Vancouver Island, B. C. at ele- 
vations ranging from 180-690 feet and 
with a frost-free period of more than 200 
days. 

Seed from these localities were sown in 

The author is Assistant Professor, School of 
Forestry, Oregon State College. This paper is 
part of a thesis submitted to the Graduate 
School of Oregon State College in partial ful- 
fillment of the requirements for a Ph.D. de- 
gree in Botany. The project has been sup- 
ported substantially by a grant from the Forest 
Genetics Research Foundation. 

Published as Technical Paper No. 1102, 
Oregon State College, Agricultural Experiment 
Station, Forest Research Division, Corvallis, 
Ore. 
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February, 1957 in the greenhouse in 4- 
inch pots. After germination the seedlings 
were thinned to two to three seedlings per 
pot. On April 2 the plants were moved 
out-of-doors and placed in cold-frames. 
Weekly height measurements were started 
on July 30. A piece of heavy galvanized 
wire was placed along each of 20 random- 
ly selected plants from each source. The 
height of each plant above the cotyledonary 
node was marked with pencil on the wire 
each week. The week in which height 
growth ceased was defined as the week in 
which no increase in height from the previ- 
ous week could be detected. 

The height growth in young Douglas-fir 
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seedlings does not occur continuously dur- 
ing the season as in certain deciduous forest 
tree species (e.g., poplar and birch) but in 
periods of internode extension followed by 
periods characterized by the formation of a 
terminal bud. The period of growth con- 
sists only of extension of internode-pri- 
mordia already present in the terminal bud. 

The plants native to coastal climates 
(Eddyville, Oregon, and Vancouver Is- 
land) stopped height growth one to four 
weeks later than the plants from interior 
British Columbia (Salmon Arm) and the 
high Cascades (Browder Creek). Further- 
more, the plants from interior British Co- 
lumbia and the high Cascades were charac- 
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terized by a longer period between the first 
and second period of internode extension 
than plants from coastal climates. In the 
latter the periods of internode extension 
followed each other rapidly and the termi- 
nal bud formed between these periods was 
indistinct, of short duration, and difficult to 
detect. 

The differences in the time of cessation 
of height growth among the various groups 
of plants were reflected by the total heights 
of the seedlings at the end of the growing 
period. The plants which stopped growth 
early attained less height than those which 
continued growth late in the season (Fig. 
2). Thus, the plants from Salmon Arm, 
British Columbia, attained an average 
height (above the cotyledonary node) of 
only 22 mm. as compared to 72 mm. 
(Qualicum ), 86 mm. ( Nanaimo), and 112 
mm. (Alberni) for the plants from Van- 
couver Island. Similarly, the plants from 
Browder Creek attained average heights of 
only 55 mm. (tree #88), 75 mm. (tree 
#87), and 35 mm. (tree #84) as com- 
pared to 151 mm. for the plants from 
Eddyville. 

These differences at Corvallis are in all 
probability not the same as those between 
the plants growing in their native habitats. 

Differences in time of cessation of height 
growth can also be detected simply by ob- 
servations of the percentage of dormant 
plants at a certain date. Such observations 
were made on July 8th, 1957, on plants 
from 20 different sources (Table 1) sown 
in February 1957 in the greenhouse and 
placed out-of-doors in cold-framies on 
April 2. Twenty randomly selected plants 
from each source were observed as to dor- 
mancy, including earlier dormancies (i.e., 
some of the plants had at this time started 
a second period of internode extension). 
The persistence of the bud scales or bud 
scale scars made such observations relative- 
ly easy. All of the plants from interior 
British Columbia had been dormant once 
prior to July 8 (Table 1). Similarly, 70 to 
80 percent of the plants from the four 


localities at high elevations near Detroit, 
Oregon, had been dormant earlier. How- 
ever, whereas 55 to 90 percent of the 
plants from Detroit were actively growing 
on July 8 (i.e., had started a second period 
of internode extension), only 20 percent of 
the plants from interior British Columbia 
were actively growing at that date. 

Relatively few of the plants from coastal 
areas (Vancouver Island) had been dor- 
mant prior to July 8 and almost all of them 
were actively growing. Plants from Vader 
in southwestern Washington reacted un- 
expectedly in almost the same way as the 
plants from high elevations near Detroit, 
Oregon. 

All the above described plants were 
growing under essentially the same envi- 
ronmental conditions. The observed differ- 
ences may therefore be ascribed to genetic 
differences. 


Photoperiodic Influences 


Seed from seven different localities in the 
Pacific Northwest (Table 2) were strati- 
fied for two weeks at 5 C. and sown on 


February 26 in pots in the greenhouse. 





Figure 2. 


Comparisons between Douglas-fir 
seedlings 10-months old of different origins 
oven February 1957. 


From left to right: 
Salmon Arm, British Columbia, 1900-2120 
feet; Qualicum, Vancouver Island, 200 feet 
elevation; Browder Creek, Santiam Pass, 


‘ 


Oregon, 4000 feet elevation; and Eddyville, 
Oregon, 100 feet elevation. For location of 
seed sources see Figure i 
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Plants from each source were given each 


of the following photoperiodic treatments 
(all light given in addition to normal day- 
light was given from a 4(0-watt incandes- 
cent bulb suspended three feet above the 
plants ) : 

1. Eight a.m. to 5 p.m. (9 hours). 

2. Eight a.m. to 5 p.m. with a “light- 
break” from 9 p.m. to 10:30 p.m. (10% 
hours). 

3. Eight a.m. to 5 p.m. with a “light- 
break” from 2 a.m. to 3:30 am. (10% 
hours). 


4. Four a.m. to 11 p.m. (19 hours). 





On May 25 20 randomly selected plants 
from each source and treatment were cut 
off at the soil surface and the number of 
leaves counted on each plant. 

The plants exposed to nine-hour photo- 
periods (treatment 1) had developed an 
average number of leaves of only 15 
(Table 2). Additional light from 9 p.m. 
to 10:30 p.m. (treatment 2) increased the 
average number of leaves to 21. If the 
additional light was given from 2 a.m. to 
3:30 am. (treatment 3) the average 
number of leaves was increased to 25. 
Thus, although the same total amount of 


TABLE 1. Percentage of actively growing plants dormant on July 8 and per- 
centage of plants which had been dormant once or twice prior to July 8, 1957, 


cohen grown at Corvallis, Oregon.’ 
«< c 


7 
Locality 


British Columbia 

Qualicum, Vancouver Island 

Nanaimo, Vancouver Island 

\lberni, Vancouver Island 

Salmon Arm 
Washington 

Joyce 

Vader 

Castle R ck 

Orting 

Carson 

Castle Rock 

Castle Rock 

\shford 

Mineral 
Oregon 
Timber 
Molalla 
Detroit 
Detroit 
Detroit 
Detroit 
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Plants which had 
been dormant 


Actively erowing once prior to 
i I 


Elevation 


Fe. 


Pert ent Per ent 
200 100 10 
180-200 100 50 
690 95 35 
1900-2120 20 100 
280 90 55 
300-400 40 RS 
450 90 20 
400-450 100 15 
900-950 95 60 
950-1000 85 45 
1050-1250 9() 40) 
1100-1250 90) 7) 
1500 95 35 
1550 RS 55 
750-900 100 25 
750-950 100 5 
1620-1820 90) 70 
2300-2550 80 0) 
2800-3000 55 70 
80 80 


3600 





plants on July 8 


Based on 20 plants from each locality. For location of seed sources see Figure 1. 


Juls Ss 





Rites: 22 


TABLE 2. Responses of three-month old Douglas-fir seedlings of different 


origins when treated with four different photoperiods after 
lined figures denote average number of leaves per seedling. 


germination. Under- 
Figures not under- 


lined denote percentage of actively growing plants. 


Origin! l 
Oakridge, Oregon 12.15 
2500-3500 ft. . 
Mineral, Washington 16.70 
1550 ft. 45 
\shford, Washington 18.05 
1500 ft. 55 
Elbe, Washington 15.50 
1050-1250 ft. 70. 
Nanaimo, Vancouver Island 16.00 
0-500 ft. 92.5 
Salmon Arm, B.C. 11.70 
1900-2120 ft. a 
Shuswap Lake, B.C. 9.85 
1000-1500 ft. a) 
Treatment Averages 15 
en 
I location of seed s e Fig 1 


light was given in treatments 2 and 3 a 
greater effect was obtained if the “light 
break” was given during the latter half of 
the dark period than during the first half. 
Long-day treatment increased the average 
number of leaves to only 26 (treatment 4). 
A “light-break” during the latter half of 
the dark period is thus almost as effective as 
a long photoperiod, indicating that the 
periodicity rather than the total amount of 
light is the governing factor. Both the re- 
sponses to treatments and the sources differ 
significantly at the 5 percent level. 

The plants from interior British Co- 
lumbia showed the greatest differences be- 
tween responses to the four photoperiods. 
Thus, the number of leaves developed un- 
der treatment 3 was 224 (Salmon Arm) 














Treatments Source 
2 3 $ Ave ve 
21.10 24.50 27.70 21 
95 97.5 1000 74 
20.25 27.00 28.35 23 
100 100 100 86 
19.20 24.95 25.90 22 
85 100 100 RS 
26.95 26.60 27.05 24 
~ 100 100- 100 Q3 
25.30 26.10 24.30 23 
97.5 97.5 100 9? 
20.85 26.20 23.30 1 
a 90 87.5 54 
16.15 20.15 24.60 18 
42.5 50) 97.5 54 
21 25 26 
5 2 98 . 


and 250 (Shuswap Lake) percent greater 
than those developed under treatment 1, 
compared to only 150 percent for the plants 
Island. The 
corresponding figures for the remaining 
sources are: Oakridge, 200; Mineral, 170; 
Ashford, 143; and Elbe, 174. 


The number of leaves per seedling is 


from Nanaimo, Vancouver 


related to the length of the period of height 
growth. Only 34 percent of the seedlings 
exposed to nine hours of light were still 
growing at the time of sampling compared 
to PSs 92, and 98 percent in the other three 
treatments. The complete dormancy of 
seedlings from the interior of British Co- 
lumbia on the 9-hour day-length suggests 
differences with respect to photoperiodic 


sensitivity (Table 2). 
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Discussion 


Numerous experiments have shown that 
most forest tree species respond to short 
days by ceasing height growth (Wareing, 
1956). Differences in the time of cessation 
of height growth have therefore been 
ascribed to differences in response to the 
natural decrease in day-length during sum- 
mer. (Pauley and Perry, 1954). The 
selective advantage of such a response to 
decrease in day-length is evident from the 
fact that day-length is the only environ- 
mental factor which changes in a consis- 
tent manner during each year, whereas the 
first killing frost during fall varies widely 
from year to year (U. S. Dept. Agric., 
1941). A high sensitivity to the natural 
decrease in day-length would appear to be 
of particular advantage in plants native to 
areas where the climatic changes from sum- 
mer to winter are severe and abrupt. The 
fact that plants native to such areas show 
the greatest sensitivity to artificially reduced 
day-length (Table 2) indicates that re- 
sponse to photoperiod is an important com- 
poncnt of adaptation to the length of frost- 
free period, 

The ease with which photoperiod may be 
controlled experimentally provides an ex- 
cellent opportunity for the study of geno- 
typic variation in a widely distributed species 
such as Douglas-fir. Future experiments 
may reveal certain correlations between 
Sensitivity to photoperiod and other char- 
acteristics such as drought or frost endur- 
ance which are considerably more difficult 
to determine experimentally. 


Conclusion 


Genetic diversity exists among Douglas-fir 
seedlings of different origins with respect 
to the time of cessation of height growth. 
The response to the natural decrease in 
day-length during the summer is an impor- 
tant factor in the adaptation to the length 
of the frost-free period. 
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Seedlings of montane or interior origin 
grew less at Corvallis than those of coastal 
origin as a result of early cessation of 
growth. 
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Photosynthetic and Respiratory Rates 





In Leaves of Male and Female 


Quaking A spens 


DIFFERENCES IN VEGETATIVE develop- 
ment related to sex have been reported for 
several dioecious tree species. Syrach Lar- 
sen (1937) stated that male specimens of 
Juntperus communis L. were taller and 
more slender than female trees. He also 
quoted several reports dealing with such 
diverse species as Ginkgo biloba, Taxus bac- 
cata, Fraxinus excelstor, and Populus nigra 
L. var. italica Muenchh. In all cases the 
male plants were either more vigorous or 
had better form. 

Working with American species of pop- 
lar, Pauley (1949) observed that of 76 
clones selected on the basis of vigor, health, 
and stem form, only 18 (23.7 percent) were 
female. He pointed out, however, that in 
nature, the sex ratio is unbalanced toward 
maleness, which might partly explain the 
predominance of male clones in this’ selec- 
tion. Pauley and Mennel (1957) report- 
ed that in a wild population of quaking as- 
pens, Populus tremuloides Michx., males, 
or predominantly males, outnumbered fe- 
males by a factor of three and that the in- 
cidence of hermaphroditism was consider- 
ably higher among females (20.6 percent) 
than among males (4 percent). If the 
mechanism of sex determination in poplar 
calls for a 1:1 ratio, the actual sex distribu- 
tion might indicate greater survival ability 
in male plants. 

Muhle Larsen (1954) examined several 
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groups of hybrid aspen seedlings (P. trem- 
ula x P. tremuloides) and found that the 
average height of a group was positively 
correlated with the proportion of male indi- 
viduals it contained. 

Another kind of sexual difference was 
reported by Deleano and Dick (1937) 
who found that throughout the entire 
growing season, leaves of male Salix gra- 
cilis and Populus alba trees contained, on 
the average, more chlorophyll than leaves 
of female trees. 

In trees that are flowering, vegetative 
growth may be reduced to a greater degree 
in the female than in the male individuals 
because appreciable amounts of assimilates 
are diverted to the production of flowers, 
sceds and fruits, although it could be ar- 
cued that, in some species, at least, as much 
material is utilized in producing large num- 
bers of male flowers as in the formation of 
female parts. 

Moreover, differences in growth rate be- 
tween male and female individuals some- 
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Dr. W. B. Critchfield, Cabot Foundation, 
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on flower production. Acknowledgment is 
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times appear before the onset of flowering 
(Muhle Larsen).' Thus, actual differ- 
ences in vegetative growth related to sex 
probably occur in dioecious species. Such 
differences might, conceivably, be related 
to the photosynthetic efficiency of the leaf. 
‘To explore this possibility the photosyn- 
thetic and respiratory rates of leaves of 
male and female quaking aspens were com- 
pared. The results obtained are presented 
here. 


Materials and Methods 


The aspen clones used came from a wild 
population in the vicinity of Petersham, 
Massachusetts. Root cuttings were collect- 
ed in April, 1957, from 14 trees whose sex 
had been checked by flower sampling dur- 
ing the preceding year. All seven male in- 
dividuals had borne male flowers only 
whereas most females had produced a few 
perfect tlowers (Critchfield ).! The root 
cuttings were planted in sandy loam and 
placed under glass. Vigorous shoots devel- 
oped during the following two months. 
‘The potted plants were then left in a green- 
house until August 1957, when the meas- 
urements were made. 

Photosynthetic and respiratory rates were 
determined under uniform conditions of 
temperature, light quality and _ intensity, 
and carbon dioxide concentration. Leaves 
were severed from the shoots and immedi- 
ately placed horizontally in a low, cylin- 
drical “Lucite” chamber, with the petiole 
bases enclosed in a small container of wa- 
ter. The chamber formed a closed system 
with an air pump and a Model 15-A Lis- 
ton-Becker infrared COe gas analyzer. 
Air was circulated at a constant rate of 3 
liters per minute. Carbon dioxide concen- 
tration was maintained between 270 and 
330 ppm. Carbon dioxide uptake or out- 
put by the leaf tissue was measured by the 
rate of concentration change in the system. 

The light source was a Fluomeric? bulb, 
combining mercury arc and incandescent 

1Personal communication. 

“Manufactured by Duro-Test Corporation. 
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filaments. ‘The light intensity reaching the 
upper surface of the leaf in the chamber 
(for the measurement of photosynthesis) 
was 2500 foot candles, or approximately 
62,500 ergs/cm. =/sec. of visible light. A 
temperature of 25° + .5°C. was main- 
tained, control being achieved by circu- 
lating cold water in the double roof of the 
chamber. 

Measurements were made on fully-de- 
veloped leaves from paired plants, one of 
either sex. After an induction period of at 
least 45 minutes at high light intensity, the 
photosynthetic activity was determined in 
successive runs of a few minutes each until 
a steady rate was attained. The chamber 
was then darkened to measure the respira- 
tion rate by the carbon dioxide output in 
darkness. Data were obtained in this man- 
ner on 12 male-female plant pairs. 

After photosynthesis and respiration were 
measured, representative leaf samples were 
taken to determine the water content by 
oven-drying, the nitrogen content by the 
Kjeldahl method (A.O.A.C., 1955), and 
the chlorophyll content by spectrophotome- 


try (MacKinney, 1941). 


Results 


The average values for photosynthesis, res- 
piration and other leaf characteristics are 
presented in Table 1. The t-tests were 
carried out on the paired data in order to 
eliminate any variation due to differences 
in preconditioning the plants. 

The average rate. of net photosynthesis 
at 2500 foot candles in the female clones, 
per gram fresh leaf, was 10 percent less 
than that in the males, but this difference 
was not statistically significant because of 
the variability observed in photosynthetic 
rates. The average respiratory rate at 
25°C., on the contrary, was 37 percent 
higher in leaves of female plants than in 
those of males, a difference significant at 
the 5 percent level. No significant corre- 
lation was found between the rates of 
photosynthesis and respiration in individual 
leaves of either sex. The rate of total pho- 
tosynthesis (net photosynthesis plus respira- 





= 


- 


he yer? 


TABLE I. 


Photosynthesis at 2500 foot candles, 


Net phot Total 
synthesis, Respira- photo-syn- 
ue tion, thesis 
COo/mi pe. CO ps. COs Beat 
g g. in./g urea, 
f leaf fresh leaf n2 
Male 121.8 15.9 137.7 64.41 
Female 109.1 21.8 130.9 60.27 
Difference 
(¢6—9@) 12.7 — 5.9 6.8 4.14 
Difference 
(% ilue) 10.4 — 37.1 4.9 6.4 
Significant at 59 level 


tion) was only 5 percent higher in leaves of 
male plants, a non-significant difference. 

Similarly, the differences in surface area, 
water content, weight per unit area, and 
nitrogen content, observed between leaves 
of male and female plants, were small and 
non-significant. “he chlorophyll content 
was 13.7 percent higher in the males, but 
the difference was not statistically signifi- 
cant. 

The higher respiratory rates at 25°C. in 
leaves of female plants were not related to 
their nitrogen content. They might be due 
to a higher level of metabolic activity of the 
cells. If the differences in respiration of 
the magnitude observed here were to pre- 
vail throughout its life span, they would 
substantially reduce the photosynthetic effi- 
ciency of the leaf in females as compared 
to males. In this connection, it might be 
of interest to note the difference in mean 
radial increment between stems of the male 
and female ortets used in this study. For 
the same average age (12 years), mean 
ring width, as determined on increment 
cores collected at one foot above ground, 
was 3.9 mm. in the males and 2.9 mm. in 
the females. However, before drawing any 
general conclusions on the relationships be- 
tween leaf photosynthetic __ efficiency, 
growth, and sex, it would be necessary to 


obtain more data on a large number of 


ration as COz output in darkness at 25 


Average characteristics of leaves of male and female aspen clones. 


~ ’ oy >> ’ oe 
25°C. and 270-330 ppm COz. Respi- 
Leaf 
Lea ' 
I Leaf weigh Leaf l 
2 igh g g. /g. 
g. (tf z ( ( tres ( ¥ ( fresh 
sis) sis) $s ) sis) ) 
915 302 14.2 2.57 2.63 
899 00 15.1 > 50 a2 
16.0 2 “a ) 7 6 
1.7 7 == 6.3 2.7 13.7 


male and female clones, and to consider 
other attributes, such as total foliage area, 
seasonal changes in leaf activity, effective 
leaf life-span, and flower and seed produc- 
tion. 


Summary 


Determinations of photosynthetic and _res- 
piratory rates were made under standard 
conditions on paired leaf samples of male 
and female clones of quaking aspen. 
Respiration significantly 
higher in the leaves of female plants (37 
percent more than in the males). Net 
photosynthesis and chlorophyll content were 
slightly, but not significantly, lower (10 
and 14 percent, respectively) in the fe- 


rates were 


males. 

Surface area, water content, weight per 
unit area, and nitrogen content were very 
similar in the leaves of both sexes. 
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World Forest Products Statistics—A Ten-Year Summary, 1946-1955 


> 


l 


Steady expansion in the output of timber from 
rld’s forests in the period 1946-1955 is 


tiic ¥ 
pointed out in a 10-year summary of the 
world’s statistics of forest products compiled by 
F.A.O. in collaboration with E.C.E.. Except 
for a slight decline between the years 1951 
and 1953, the total harvest increased. Included 


are figures on timber removals, production of 





forest products and world trade with more 
than 150 countries and territories. 
The world output of fuelwood is reported 
I I 
} ee 


191 j 17 -e] 
nave agecimeda n rei 


ative importance, but 
the proportion of industrial wood increased. 
Coniferous species provided more than three- 
fourths of the industiral wood supply. Saw- 
logs, veneer logs, and logs for sleepers com- 
prised the largest category of industrial wood. 
Among processed products, sawnwood remained 

Although North America 


pr duced the largest 


the most important. 
volume of sawnwood 
throughout the decade, the region reporting 
the most rapid rate of growth was the U.S.S.R. 

Plywood had a phenomenal expansion. The 
leading plywood-producing countries in 1955 


were the United States, the Sov 


let Union, 


Canada, Japan and the Federal Republic of 
Germany. 
output was reported from Asia (mostly Japan), 
followed by Central America (Mexico). The 


The most rapid 10-year growth in 


d and Agriculture Organization of the United Nations, Rome, February 1958. 


3.00 


largest plywood exporter throughout the dec- 
ade was Finland, The growth in export volume 
was especially noteworthy in Japan. 

The woodpulp industry was dominated by 
North America and the three northern Euro- 
pean countries: Finland, Norway and Sweden. 
During the decade Europe changed from a net 
exporter of woodpulp to a_ net importer, 
whereas North America showed the opposite 
development. 

In newsprint production, North America 
and Europe continued to lead all other regions, 
but the rate of development in the Pacific 
Area and in Asia was outstanding. Canada was 
the leading newsprint-exporting country. The 
region producing the largest volume of paper 
other than newsprint was North America. The 
most rapid growth in production, however, 
was reported from Asia and the U.S.S.R. About 
91 percent of the 1955 production of paper- 
board came from North America and Europe. 
Fibreboard had been produced mostly in North 
America and Europe, but substantial increases 
in output were reported from the U.S.S.R and 
the Pacific Area. The volume of production 
in 1955 was highest in the United States. 

The publication contains 51 tables, 12 charts 
and text in three languages: English, French 
and Spanish. 








The L frect 0 fl Je foliation 


on Foliage Production and 


Radial Growth of Quaking Aspen 


DuRING THE CouRSE of phenological 
studies of forest insects and their food plants 
in the Sioux Lookout District of Ontario 
during the period 1950 to 1953, an oppor- 
tunity was afforded of obtaining compara- 
tive records of development of the forest 
tent caterpillar (Walacosoma disstria Hbn.) 
and its favored food plant quaking aspen 
(Populus tremuloides Michx.) and of as- 
sessing the effect on the tree of defoliation 
by this insect. In the early spring of 1953 
frost, sleet, and hail killed the developing 
aspen foliage (hereafter referred to as 
weather defoliation ) and brought about the 
destruction of the tent caterpillar population 
(Blais et al., 1955). This made it possible 
to determine the effect on the tree of a sec- 
ond type of defoliation. ‘ 

Aspen growth and tent caterpillar de- 
velopment were observed in a series of study 
plots of differing tent caterpillar infestation 
history and intensity. Records were made 
of the time of occurrence of a number of 
features of aspen growth through periodic 
examination of buds and foliage, and of tent 
caterpillar development by sampling larval 
and pupal populations. The date when half 
the sample reached or passed each specified 
stage was selected, for comparative pur- 
poses, as the time of occurrence of each 
stage. Records of defoliation and develop- 
ment of aspen, and of general tent cater- 


BY 
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pillar activity were also maintained. Sea- 
sonal radial growth of aspen (at breast 
height) was measured periodically with a 
dendrometer (Belyea et a/., 1951), and 
shoot growth by means of calipers and 
ruler. 

Defoliation in study plots was recorded 

according to the following classes: 

Complete: loss of the entire leaf-blade 
surface of the tree and the destruction 
of the apex of vigorous shoots. 

Severe: loss of most of the leaf-blade sur- 
face; many partially eaten leaves in 
the upper crown, and many intact 
leaves on smaller branches in the lower 
crown. 

Medium: loss of many leaves; many par- 
tially eaten leaves in the upper crown, 
most leaves in the lower crown intact. 

Light: loss of some leaves from some of 
the larger branches in the upper 
crown, lower crown intact. 

These categories differ somewhat from 
those of Hodson (1941) who recognized 
only heavy, medium, and light. Hodson’s 
“heavy” category probably included both 

Contribution No. 473, Forest Biology Divi- 
sion, Science Service, Department of Agricul- 
ture, Ottawa, Canada. 

The author is a research officer at the Forest 

Insect Laboratory, Sault Ste. Marie, Ontario. 


volume 4, number 4,1958 / 335 








“complete” and “Sev ere” as defined above, 
the other two being roughly similar. It is 
essential here to differentiate between com- 
plete and severe because of differences noted 
in the response of the tree to these two de- 


grees of defoliation. 


Seasonal Development in Aspen and 
in the Tent Caterpillar 


‘Table 1 lists, in sequence, the dates of oc- 
currence, during the four study years, of 
a number of features of tent caterpillar and 
aspen development, and clearly demon- 
strates their synchronization, particularly 
in the early part of the season, Most striking 
and bud 
opening, also recorded by Hodson (1941 8 
which ensures a readily accessible food sup- 


is the coincidence of egg hatch 


ply for newly-hatched larvae. 

During the first three instars the larvae 
are gregarious and feeding was restricted 
to the shoots arising from the twigs on 
which the eggs had been laid. Both leaf 
number and size increased and shoots began 
to elongate during this period (Fig. 1). 
Radial growth began about a week after 
bud opening and larval emergence, and 
soon reached a high rate (‘Table 1, Fig. 2). 
In the fourth instar the larvae become soli- 
tary feeders and feeding occurs throughout 
the crown. During the last two instars they 
(Hodson, 1941, Sullivan and 
Wellington, 1953) and are found on most 


wander 


plants in the area, especially the shrubs. 
The last larval instar of the tent cater- 
pillar occurred when at least one-fourth of 
the radial growth had been put on by nor- 
mal aspen trees (Table 1, Fig. 2). At this 
time basal aspen leaves were fully grown 
and some lateral buds on the new shoot 
were readily visible, and leaf production 
and linear growth of vigorous shoots were 
at least one-half completed (Table 1, Fig. 
1). By the time larval feeding was essen- 
tially 
annual radial growth had been laid down, 


completed, about one-half of the 


and linear growth and leaf production were 
still two to three weeks from completion in 


normal trees (Figs. 1 and 2). Thus larval 
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Figure 1. Cumulative growth in a typical 
vigorous shoot of quaking aspen in 1950 
and 1951 and forest tent caterpillar develop- 
ment, each curve indicate 
number of unfurled leaves present on the 
shoot at different times. 
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Figure 2. Cumulative radial growth (shown 
as diameter increase) in three quaking aspen 
trees with differing degrees of defoliation 
from one stand in 1951, and forest tent 
cater pillar development. A. Completely de- 
foliated. B. Partially defoliated. C. Not 
defoliated, 








feeding, and consequently foliage destruc- requirement of the tent caterpillar is con- 


tion, ceased well in advance of normal sumed during the last instar. 
completion of both radial and linear growth Defoliation of aspen trees in the spring 
and foliage production. of 1953, as a result of adverse weather 
During early larval feeding, foliage was conditions, was generally severe. Blais et al. 
produced more rapidly than it was con- (1955) have given an account of weather 
sumed; as a result some shoot and radial conditions that existed and their effect on 
growth always occurred, even in trees ulti- both aspen foliage and tent caterpillar pop- 
mately completely defoliated. During the ulations throughout an extensive area in 
last larval instar, however, foliage destruc- Ontario west of Lake Superior. Briefly, 
tion was very rapid, and trees appeared to abnormally high temperatures during the 
be stripped of their foliage overnight, a fact first nine days of May caused the hatching 
readily appreciated since Hodson (1941) of tent caterpillar eggs and the opening of 
has shown that 80 percent of the total food aspen buds. By May 10 basal leaves on the 


TABLE 1. A chronology of development of forest tent caterpillar and of quak- 
ing aspen for four years. 


Quaking aspen Forest tent caterpillar 
Developmental Date of occurrence! Developmental Date of occurrence! 
feature 1950 1951 1952 1953 feature 1950 1951 1952 1953 
Catkin fall 21/\ 7/V 7/V_ Larval 
emergence 23/V 9/V 1/V 8/V 
Vegetative buds 
open 24/V 11/V 3/V 8/V 
Basal leav es 
unfurled 28/V 16/V 8/V 9/V 
Beginning radial 3rd larval 
growth 31/\ 15/V\ 9/\ = instar 1/VI 25/\ 13/V : 
Basal leaf full 
erown 16/VI 7/VI 31/V 
Quarter radial Last larval 
growth 21/VI 9/VI 7/VI instar 19/VI 15/VI 10/VI 
Half radial growth 7/Vil 21/VI 14/VI Prepupae 7/Vil 26/VI 20/VI 
Pupae 9/VII 29/VI 24/VI 
Adults 25/VII 24/VIIl 5/VII 
Shoot growth 
ompleted 12/VIII 21/VIl 6/VII 
Radial growth 
ompleted 31/VILL 21/VIll 31/VIl 


1Date when half or more of the sample exhibited the developmental feature. 
“Partial information only available for 1953 because of the destruction of aspen foliage and tent caterpillar 
pulations after May 10. 


colume 4, number 4, 1958 337 











shoots had unfurled and egg hatching was 
virtually completed. During that day the 
temperature dropped steadily, and on the 
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Ficurer 3. 


A diagram of three years’ growth 


in a quaking aspen branch at the end of the 
growing season. 1. Normal growth; A, B, 
C, and D indicate buds produced during 
the current season; E, F, and G indicate 
leaf petiole scars; H indicates a dormant 
bud. 2. The same branch if it had suffered 
complete tent caterpillar defoliation during 
the current season and had refoliated; A’, B’, 
C’, and D' indicate refoliation shoots pro- 
duced from buds A-D in 1. 3. The same 
bran h if it had suffered 2 eather defoliation 
during the current séason (of the ty pe EX- 
pertenc ed in 1953) and had refoliated ; 


E', F’, and G' 


arising from the bud 


indicate refoliation shoots 
rudiments located 
above the leaf petiole scars E-G in 1; H' 
indicates a refoliation shoot arising fr om the 


dormant bud H in 1, 
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following morning reached 22°” F.; this 
drop in temperature was accompanied by 
rain, sleet, and hail. For the next ten days 
low temperatures prevailed. Developing 
aspen foliage generally was killed, and al- 
though many young tent caterpillar larvae 
survived the cold, they soon starved for 
want of food, since the trees remained leaf- 
less for about five weeks. In the area 
affected tent caterpillar populations virtually 
disappeared, and damage to developing as- 
pen shoots was severe. 


Defoliation and Foliage Production 


Although leaf production and tent cater- 
pillar larval feeding commence at about the 
same time, leaf production continues for 
some two to three weeks after completion 
of larval feeding. In trees where larval 
feeding had been heavy but where growing 
tips had not been destroyed (severe defo- 
liation), foliation continued following ces- 
sation of larval feeding. This often gave 
the general appearance of refoliation, or 
the production of a second set of leaves. 

In trees that had lost their entire leaf 
complement and in which the majority of 
growing shoots had been destroy ed (com- 
plete defoliation), continuation of leaf pro- 
duction was not possible; in these trees true 
refoliation occurred. Three to four weeks 
after defoliation was complete, buds in the 
axils of new leaf petioles, and terminal buds 
on dwarf shoots that would normally have 
remained dormant until the following year, 
opened and a new: set of leaves was pro- 
duced ( Fig. 3). 


the same size as normal leaves, and because 


These leaves were about 


of their origin were primarily on the periph- 
ery of the crown. 

In trees in which virtually all leaves and 
growing shoots had been killed by adverse 
weather in the spring of 1953, refoliation 
also occurred, but in this case it was mainly 
from development of bud rudiments located 
immediately above old leaf scars on 2- to 
6-year-old twigs (Fig. 3). Some small 
dormant buds also produced shoots. Shoot 
growth from bud rudiments and dormant 
buds began about five weeks after the 
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earlier normal bud opening, and large 
leaves, similar to those of sucker growth, 
were produced, Because of their origin, 
these leaves were produced more in the 
centre of the crown, and many of the 1952 
shoots at the periphery died back by au- 
tumn. Once again, refoliation only oc- 
curred after complete defoliation. Some 
trees were hit less severely by the freezing 
temperatures, and in these only the basal 
leaves were destroyed and the growing tips 
survived to produce a partial filling out of 
the crown through normal foliation. Such 
shoots ultimately bore a number of leaves 
near the apex and were bare near the base. 

Aspen stands under close observation 
during the four study years, although geo- 
graphically close together, exhibited varying 
degrees of tent caterpillar defoliation during 
1950, 1951, and 1952, and of weather de- 
foliation in 1953. Table 2 shows the de- 
foliation history for three stands, one of 


TABLE 2. 


which is divided into three portions, with 
information on the occurrence of true re- 
foliation. In no stand was complete defo- 
liation by the tent caterpillar experienced 
for more than one year, and true refolia- 
tion only occurred in that particular year. 
In 1953, true refoliation occurred only in 
those stands in which practically all new 
shoots were killed by adverse weather. 


Defoliation and Radial Growth 


Radial growth, according to Biisgen et al. 
(1929), is dependent on the newly formed 
assimilates of the leav ee: therefore, loss of 
foliage should be reflected in reduced radial 
growth. Radial growth of aspen began 
about one week after bud opening and tent 
caterpillar hatching (Table 1). Since the 
amount of foliage consumed by young lar- 
vae is small, and since foliage production 
until the time of the last-instar larvae pro- 
ceeded more rapidly than its destruction, 


A history of defoliation and refoliation caused by tent caterpillar 


feeding and severe weather in three aspen stands. 


Cause and severity of defoliation by vears 


Tent caterpillar 


1950 
Stand A: 
(1) Defo iation Complete 
Refoliation Yes 
(? Defoliation Ne gligible 
7 Refo iation No 
(3) De foliation Negligible 
Refoliation No 
Stand B: 
Defoliation Negligible 








Refoliation No 


Stand C: 
De foliation None 
Refoliation No 


Only in completely defoliat 


Complete 


Severe to complete Light 
f 


Weather 
1951 1952 1953 
re severe Comple te 
No Yes 


Medium to severe Complete 
No Yes 


Complete Complete 


Yes Yes 


to medium Medium 


No No 


Medium to complete Severe 


Yes! Yes 
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radial growth was not initially affected. 
Thus in all trees, regardless of the severity 
of defoliation they ultimately suffered, three 
to four weeks’ radial growth was laid down 
before the last larval stage was reached and 
heavy feeding occurred. This is markedly 
illustrated in Figure 2. 


The resulting re- 
duction in radial growth depended on the 
severity of ultimate defoliation. In com- 
pletely defoliated trees radial growth ceased 
at the time defoliation was complete, and 
did not resume that year even if the trees 
refoliated (Fig. 2, Curve A; Fig. 4A). 
Lesser degrees of defoliation resulted in a 
reduction in radial growth and an earlier 
than normal cessation of growth for the 
year (Fig. 2, Curve B; Fig. 4C). Re- 
covery from severe radial growth suppres- 
sion caused by tent caterpillar defoliation 
was often marked in the following year 
even when partial defoliation occurred 
(Fig. 4B). 


Weather defoliation in 1953 also pro- 


duced a severe suppression in radial growth. 
Since foliage was killed before radial growth 
started, the beginning of radial growth was 
delayed until new leaves had been formed 
by undamaged shoot tips in less severely 
damaged trees, or from bud rudiments or 
dormant buds in severely damaged trees. 
Ultimate radial growth for 1953 was 
greater in the former trees (Fig. 4B, C) 
than in the latter (Fig. 4A). Two years 
later (1955) radial growth had recovered 
to its pre-defoliation level (Fig. 4). 


Twig and Tree Mortality 
Batzer et al. (1954) and Batzer (1955) 


report an increase in crown dieback with 
increased frequency of defoliation by the 
tent caterpillar, Dieback of twigs and 
shoots observed soon after complete defolia- 
tion by the tent caterpillar amounted to 
those parts of the current year’s shoots 
above the most apical refoliation shoot (all 


above A’ Branch 2, Fig. 3). When de- 
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Figure 4. Radial growth shown as diameter increase in typical trees from three aspen stands, A, 


Tent caterpillar defoliation complete in 1951, severe in 1952; weather defoliation complete in 
1953. B. Tent cater pillar defoliation severe in 1951, light in 1952; weather defoliation medium 
in 1953. C. Tent caterpillar defoliation medium in 1952; weather defoliation severe in 1953. 
(V indicates date by which defoliation as complete.) 
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foliation was caused by adverse weather the 
current year’s shoot growth was lost and 
those parts of the previous year’s shoots 
above the most apical refoliation shoot (all 
above H’ Branch 3, Fig. 3) died back. 
Thus, loss of almost two years of elongation 
resulted from the latter type of defoliation. 
No counts of twig mortality were made 
during the present study but considerable 
aspen twig and branch mortality was evi- 
dent in 1954. It is probable that, because 
of the severity of damage to the shoots 
caused by adverse weather, much of the 
mortality observed in 1954 can be attrib- 
uted to that cause. 

Tree mortality following tent caterpil- 
lar and weather defoliation was negligible. 
Only one low-vigor tree in each stand died 
in the late summer of 1953, suggest- 
ing that weather defoliation was the pri- 
mary cause and that tent caterpillar defo- 
liation was, at most, a contributing factor. 
This substantiates reports of Batzer et al. 
(1954) and Batzer (1955) that tent cat- 
erpillar feeding did not cause tree mortal- 
ity; Barter and Cameron (1955) had the 
same opinion but suggested that borers and 
bark beetles were largely responsible for 
tree mortality. 


Discussion 


Hodson (1941) reported that in Minne- 
sota most aspen leaves had attained full size 
by the time tent caterpillar larvae reached 
the second last instar—or, that aspen foliage 
was fully developed by the time defoliation 
was completed. Similarly, Barter and Cam- 
eron (1955) reported that in New Bruns- 
wick in two out of three years defoliation 
was not completed until aspen foliage was 
fully developed, and in the third year until 
it was half developed. In northwestern 
Ontario defoliation was invariably com- 
pleted before normal cessation of shoot and 
leaf growth, thus accounting for the con- 
tinuation of foliation (apparent refoliation ) 
of trees stripped of leaves but in which the 
tips of growing shoots had not been de- 
stroyed. During the present study true re- 


foliation only occurred after complete de- 
foliation accompanied by the destruction of 
developing shoot tips and the new leaves 
were produced from buds that normally 
would not have developed until the fol- 
lowing year. Complete defoliation of the 
same type did not occur in successive years. 

Cessation of radial growth following de- 
foliation, and resumption following later 
refoliation, are reported by Dils and Day 
(1950) in Michigan, and by Barter and 
Cameron (1955) in New Brunswick. In 
the present study, no cessation of radial 
growth was recorded after any degree of 
defoliation less than complete, but rather a 
slowing down of growth throughout the 
remainder of the normal growing period, 
resulting in a reduction in total yearly 
growth (Figs. 2 and 4C). In completely 
defoliated trees, growth ceased on comple- 
tion of defoliation and did not resume for 
the balance of the season, even though true 
refoliation took place. 

European workers ( Biisgen et al., 1929) 
attributed the production of double rings in 
one year to the production of two sets of 
leaves. Glock (1955) referred to a num- 
ber of workers in North America who at- 
tributed double ring formation in one year 
to defoliation, and to others from more 
northerly localities who did not feel that 
two rings were formed in one year. He 
suggested that latitude may be a factor in 
the tendency to double ring formation. 
Two types of defoliation occurred during 
this study, one by tent caterpillar feeding 
when about one-fourth of the radial growth 
had been laid down, the other by adverse 
weather before growth had begun. Neither 
type of defoliation resulted in the forma- 
tion of a double growth ring in the lower 
trunk of quaking aspen. 

Biisgen et al. (1929) and Glock (1955) 
also attributed missing growth rings to the 
effects of defoliation. In the present study 
some radial growth was laid down before 
defoliation by the tent caterpillar occurred, 
but when weather defoliation occurred be- 
fore growth began, growth occurred after 
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releafing. No evidence was found of com- 
pletely missing rings in the lower trunk of 
quaking aspen defoliated either by the tent 
caterpillar or by adverse weather. 


Literature Cited 


Barter, G. W., and D. G. CAMERON, 
1955. Some effects of defoliation by the 
forest tent caterpillar. Can. Dept. Agric. 
Div. For. Biol. Bi-monthly Prog. Rept. 
it £6): 1. 

Barzer, H. O. 1955. Effects of defolia- 
tion by the forest tent caterpillar. Ent. 
Soc. Amer. No. Cent. States Br. Proc. 
10: 27-28. 

—=—.. A. 'C. Hopson, and A. 5. 
SCHNEIDER. 1954. Preliminary results 
of an inquiry into effects of defoliation 
of aspen trees by the forest tent caterpil- 
lar. Sci. Jour. Ser. Paper No. 3169 
Univ. Minn. Agric. Expt. Sta. 

Betyea, R. M., D. A. Fraser, and A. H. 
Rosk. 1951. Seasonal growth of some 
trees in Ontario. For. Chron. 27: 300- 
305. 

Buiais, J. R., R. M. Prentice, W. L. 

SIPPELL, and D. R. Wattace. 1955. 


342 / Forest Science 








Effects of weather on the forest tent 
caterpillar, Malacosoma disstria Hbn., in 
central Canada in the spring of 1953. 
Canad. Ent. 87: 1-8. 

Btscen, M., E. Mtncn, and T. THom- 
son. 1929. The structure and life of for- 
est trees. Chapman and Hall Ltd., Lon- 
don. 

Dis, R. E., and M. W. Day. 1950. Ef- 
fect of defoliation upon the growth of 
aspen. Mich, Agric. Expt. Sta. Quart. 
Bull. 33: 111-113. 

Gtiock, W. S. 1955. Tree Growth, II: 
Growth rings and climate. Bot. Rev. 21 
(1-3): 73-188. 

Hopson, A. C. 1941. An ecological study 
of the forest tent caterpillar, Malacosoma 
disstria Hbn., in Northern Minnesota. 
Univ. Minn. Agric. Tech. Bull. 148: 
1-55. 

SuLLIvAN, C. R., and W. G. WELLING- 
TON, 1953. The light reactions of larvae 
of the tent caterpillars Malcosoma disstria 
Hbn., VM. americanum (Fab.), and M. 
pluviale (Dyar). (Lepidoptera: Lasio- 

campidae). Canad. Ent. 85: 297-310. 











Growth and Climate in Relation to 


Dieback of Yellow Birch 


BIRCH DECADENCE has been widely ob- 
served in North America and reported by 
many authors over the past 60 years ( Balch 
and Prebble, 1940). It is associated with 
a variety of causal factors, operating singly 
or in combination, such as exposure through 
cutting of other species, insect defoliation, 
overmaturity or attack by the bronze birch 
borer (Agrilus anxius Gory). Spaulding 
and MacAloney (1931) and Hall (1933) 
noted that paper (white) birch (Betula 
papyrifera Marsh.) was more susceptible to 
decadence than yellow birch (B. alleghani- 
ensis Britton) and described the symptoms 
as follows: thinness, curling, and eventual 
loss of the foliage in the topmost twigs, fol- 
lowed by dying back of the smaller then 
the larger branches with a tendency to re- 
tain normal foliage at the bases of the larger 
branches. 

The deterioration of birch which began 
in central New Brunswick in 1932 reached 
such staggering proportions in a few years 
that it was recognized as a much more se- 
rious condition than decadence (Balch and 
Prebble, 1940). 


respects similar to those of decadence, are 


Its symptoms, in many 


briefly as follows: small chlorotic leaves or 
shrivelling of foliage often general through- 
out the crown, failure of buds, dying back 
of twigs and branches, followed in most 
cases by death of the tree in three to six 
years. A more specific and detailed de- 
scription of the symptoms is given by Ber- 
bee (1957). Two important differences 
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between this type ot deterioration and the 
previously reported decadence are that it 
has affected undisturbed stands of all ages 
and that yellow birch appears more sus- 
ceptible than paper birch (Balch and Preb- 
ble, 1940). The condition has come to be 
known as “dieback” although it is not al- 
ways easily differentiated from decadence 
by casual observation. 

The bronze birch borer, itself capable of 
injuring and killing healthy trees ( Barter, 
1957), is usually associated with dieback 
but it is not the initiating factor ( Balch and 
Prebble, 1940; Nash, 1943; Pomerleau, 
1944; Lambert, 1944; Hawboldt and 
Skoiko, 1948; Quirke, 1953). Attempts 
to isolate a fungus that might have initiated 
dieback in the crowns of trees were unsuc- 
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cessful (Hawboldt, 1952; Hansbrough, 
1953; Redmond, 1955). Early investiga- 
tions failed to produce evidence that a virus 
was involved (Hansbrough and _ Stout, 
1947; Hansbrough et al., 1950). Recent- 
ly, however, virus-like symptoms associated 
with dieback have been transmitted from 
typical dieback trees to healthy seedlings 
and older yellow birch trees by grafting 
( Berbee, 1957). 

Hawboldt and Greenidge (1952) re- 
ported that the first symptom of dieback 
was the dying of rootlets. Greenidge 
(1951, 1953) suggested that the moribund 
condition of the root system might prevent 
normal restocking of the tree’s water con- 
tent after its depletion by transpiration. He 
found that the water content of aerial por- 
tions of diseased trees decreased as dieback 
progressed, but could not find temporary 
or permanent stoppages in the water-con- 
ducting tissues. Clark and Gibbs (1957) 
showed that the seasonal moisture content 
of yellow birch twigs was disturbed from 
the normal pattern during drought years 
when soil moisture was deficient. Redmond 
(1955) increased yellow birch rootlet mor- 
tality by raising soil temperature which up- 
set population balances of fungi inhabiting 
the roots and rhizosphere, and disturbed 
the development of mycorrhiza. 


Martineau (1948) found a relationship 
between damage and stand density, age, 
and tree diameter. Nash et al. (1951) 
indicated that mortality was greater on dry, 
shallow soils. Greenidge (1949) found no 
relation between the occurrence of die- 
back and site condition, and suppressed 
trees were least affected. Balch and Preb- 
ble (1940) noted that affected trees cov- 
ered a wide range of ages but that younger 
Barter and 
Balch (1950) drew attention to the fact 
that the dieback symptoms appeared first 
in central New Brunswick and later in 
other parts of the Maritime Provinces, in- 


stands suffered less injury. 


dicating an apparent spread of the disease. 
Daviault (1953) found a similar sugges- 
tion of spread in the Province of Quebec. 
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On the other hand Pomerleau (1949) and 
Hawboldt (1952) do not believe that die- 
back has spread but merely varies in inten- 
sity from one locality to another. From 


observations made in 1956, Braathe 
(1958) suggests that dieback might have 
occurred simultaneously throughout the af- 
fected region and attempts to relate its 
beginning to the March thaw of 1936. 

During studies on the role of the bronze 
birch borer in dieback Barter (1953, 
1957) collected data on the radial growth, 
crown condition, and mortality of birch 
and associated hardwoods in eastern Can- 
ada, mainly the Maritime Provinces. Cli- 
matic analyses were carried out by Clark in 
connection with a study of the physiology 
of yellow birch and particularly the water 
requirements of that species (Clark and 
Gibbs, 1957). This paper brings together 
those results of these separate studies that 
provide evidence regarding the spread of 
birch dieback and the relation of the disease 
to measurable climatic factors. 


Studies of Radial Growth 
and Mortality 


Method. Before the controversial question 
regarding the spread of dieback could be 
answered fairly, it was necessary to find an 
impersonal, unbiased and consistent means 
of dating the occurrence of the disease. As 
a means to this end, the growth of yellow 
birch was compared with that of a non- 
susceptible species, sugar maple (Acer sac- 
charum Marsh.) over a period beginning 
15 years before the earliest reported appear- 
ance of the disease, to discover any dissimi- 
larity or discontinuity related to its onset. 
These studies were restricted to yellow 
birch and sugar maple for the following 
reasons. Firstly, sugar maple and yellow 
birch are truly associates; they generally 
grow in mixture, their ranges practically 
coincide (Harlow and Harrar, 1941; 
Anon., 1949), and their soil moisture re- 
gimes are similar (Fraser, 1957). Second- 
ly, paper birch is not a satisfactory species 
for the study of normal growth trends be- 
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cause its growth pattern is confused by pe- Fall.), in the late 1920’s affected the 
riadic outbreaks of defoliators (Fig. 1, A, crowns and growth of paper birch but 
B) and it is subject to considerable mor- caused little or no damage to yellow birch 
tality through the cumulative effects of de- (Simpson, 1932). In addition, paper birch, 
foliation and bronze birch borer attacks less tolerant of shade and shorter-lived than 
(Barter and Cameron, 1955) when yel- vellow birch, occurs mostly in even-aged 
low birch stands In the Same area suffer stands and is considerably atfected by com- 
little or no damage. Similarly, widespread petition (Fig. 1, B, C). Spaulding and 
outbreaks of the birch leaf skeletonizer MacAloney stated “seedling paper birch 
(Bucculatrix canadensisella (Chamb.) and matures at about 75 years. .., at 50) years 
birch sawfly (Heterarthrus nemoratus it has begun to decline in vigor and prob- 


FREDERICTON, N. B. 
aaa WHITE BIRCH 
eae RED MAPLE 


GREEN RIVER, N. B. 
—_— 50 YEAR OLD WHITE BIRCH 
=—— 75 YEAR OLD WHITE BIRCH 


aes 475 YEAR OLD YELLOW BIRCH 
w=e=ee= 150 YEAR OLD YELLOW BIRCH 


RADIAL GROWTH IN MILLIMETERS 


a—_— YELLOW BIRCH PLOT 10 
we=-— YELLOW BIRCH PLOT 11 





Figure 1. Curves of radial growth. A, Paper birch growth reduced by three outbreaks of the forest 
tent cater pillar, effects of the third outbreak in 1933 and 1934 are combined with those of the 
early Véars of dieback. Red maple, as a chee k, is mot attacked by the insect or the dieback. B. 
Similar growth trends in two yellow birch stands of different ages 1 mile apart. C. Dissimilar 
growth trends in to paper birch stands of different ages about 5 miles apart. D. Similar growth 
trends in teo yellocw birch stands of the same age 5 miles apart. (A, C, and D from unpublished 
data of R. F. Morris with his permission.) 
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ably actual decadence from old age has be- 


gun although it may not be perceptible.” 
All these possible causes of deterioration in 
paper birch increase the danger of confus- 
ing them, or disturbed growth patterns due 
to them, with the effects of climate or die- 
back. Reports concerning dieback based 
largely on crown condition and growth of 
this species are therefore suspect. Thirdly, 
in the Maritime Provinces the growth pat- 
terns of other hardwood associates of yel- 
low birch have been affected by various fac- 
tors which make them unreliable as a basis 
for this study: beech (Fagus grandifolia 
Ehrh. ) by the beech scale (Cry ptoc OCCUS 
fagi (Baer.)) and Nectria fungus; gray 
birch (Betula populifolia Marsh.) by va- 
rious leaf miners and skeletonizers; and the 
poplars by the forest tent caterpillar (Ma- 
lacasoma disstria’ Hbn.), bronze poplar 
borer (Agrilus liragus B. & B.), and hy- 
poxylon canker (Hypoxylon pruinatum). 

In all cases growth measurements were 
made on dominant or co-dominant trees. 
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Radial growth of healthy maples was 
compared with that of yellow birch trees 
in classes 1 to +B of the following tree 
classification system: 

1. Normal. 

2. Foliage thin, off-color particularly in 
upper crown, but no bare twigs or branches. 

3A. Dead twigs but no dead branches. Such 
twigs occurring at the ends of the branches, 
usually in the top of the crown and for a dis- 
tance of about 2 to 3 feet from the edge of 
the crown. In this and subsequent categories, 
the foliage is usually but not necessarily weak. 

3B. Dead branches to the extent of one-half 
of the crown area. 

4A. More than half of the crown dead. 

4B. As in 4A, but no living branches except 
small adventitious ones, usually at the base of 
the crown or on the stem. 

5A. Tree dead, but cambium green at B.H. 

5B. As in 5A, but cambium dry at B.H. 
Most of the fine twigs still adhering. 

6. Tree dead several years, most of the 
twigs and smaller branches gone. 

To determine the distribution of growth 
accompanying dieback, detailed analyses of 
ten yellow birch trees were made by meas- 
uring the growth rings on four radii of 
polished cross-sections at each of three 
levels: butt (1 ft. above the felling cut), 
top (where the main stem was about 2 in. 
in diameter), and middle (midway be- 
tween the first two). Growth curves so 
determined (Fig. 2) clearly show that re- 
duction of growth occurred simultaneously 
throughout the tree. In addition, growth 
measurements of four cores per tree (one 
from each quadrant) at breast height were 
compared with two cores per tree (on the 
average diameter) at breast height and 
found to give similar growth trends. All 
further growth studies were made using 
two cores only from opposite sides at breast 
height. Increment cores were air-dried, 
smoothed with a small electric sander or 
scalpel, painted with an aqueous solution 
of bismarck brown (1.0 g. per 500 ml.) to 
improve the resolution of small rings, and 
measured to the nearest .01 mm. with a 
binocular microscope and ocular microme- 
ter attachment. 





TR TT 





tn ttt 


The progressive crown deterioration ac- 
companying dieback is reflected in the ra- 
dial growth: the early symptoms usually 
by a brief period of erratic decline (oc- 
casionally by a marked decline suggesting 
systemic shock), advanced symptoms by a 
rapid growth reduction, and severe crown 
injury by a few years of very slow growth 
which ceases with the death of the tree. 
In residual trees showing signs of crown 
recovery, the third stage (very slow 
growth) is followed by an_ increasing 
growth rate which becomes apparent first 
high up in the trunk (Fig. 2). 

Prior to dieback the growth patterns of 
birch and maple were similar, but as defi- 
nite crown symptoms became obvious the 
srowth of diseased birch fell off while that 
of maple continued to fluctuate normally. 


SURPLUS 


WATER BALANCE IN CM. 


DEFICIT 


A few birch trees (up to 5 percent in some 
stands) never became severely affected by 
dieback. In these the growth pattern re- 
sembled that of sugar maple more than 
that of badly diseased yellow birch (Fig. 
3). However, their numbers were uneven- 
ly distributed, completely absent in some 
stands, whereas maple was always found 
in association with the diseased _ birch. 
Therefore, the growth of maple is used 
here as a more reliable and consistent 
check. ‘This readily measured divergence 
of birch and maple growth is used here to 
date the onset of dieback in preference to 
early crown symptoms which could be, and 
have been, confused with those of deca- 
dence from other causes. However, growth 


divergence does not “pinpoint” the earliest 


RADIAL GROWTH —- PER CENT OF 1923-32 AVERAGE 


YELLOW BIRCH, CLASSES 1 TO 4B INCLUSIVE (TOTAL 78 TREES) 
———— YELLOW BIRCH WHICH DID NOT GO BEYOND CLASS 3A (5 TREES OUT OF 110 EXAMINED) 
JUNE TO AUGUST NET WATER BALANCE 
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FicurE 3. Average radial growth of 78 diseased and 5 healthy or lightly injured yellow birch 
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the June-August net water balance at Fredericton, N. B. 
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symptoms. Permanent sample plot studies 
of crown injury and mortality, along with 
growth data, indicate that divergence oc- 
curs approximately three years after the 
first crown symptoms are noticeable. 


Death of individual trees commences in an 
area about the time that the general growth 
patterns show divergence or shortly there- 
after. It is possible, therefore, to estimate 
fairly accurately the time of onset of die- 
back and the beginning of mortality by the 
growth divergence method, 


Results. Over a long period of time the 
growth trends of birch and maple were 
similar, as one would expect of closely asso- 
ciated species responding to the same physi- 
cal factors of environment. In four wide- 
ly-separated areas (Fig. 4) the similarity 
was lost at the point of divergence where 
the growth of birch was reduced rapidly 
to an all-time low while that of maple con- 
tinued to fluctuate about the mean or to 
increase.) We must therefore assume the 
introduction of some factor deleterious to 
birch but not to maple. The post-diver- 
gence increase in the maple growth at Fred- 
ericton is due largely to release following 
birch injury and mortality. 

The points of divergence are distinct in 
all areas but in only two do they occur in 
the same year. Divergence occurred at 
Fredericton in1935, at Green River (near 
Edmundston) and_ north-central Nova 
Scotia in 1940, and at Cape Breton in 
1945. It is notable that the areas affected 
in 1940 are respectively northwest and 
southeast of the suspected focal point of die- 
back in central New Brunswick (Fig. 5), 
and approximately equidistant from it; this, 
along with the later date of divergence in 
Cape Breton, suggests spread. 

The mortality curves for Fredericton 
and Cape Breton (Fig. 4) are based on 

In this study the sample included: 78 birch 
and 17 maple at Fredericton, N. B.; 25 birch 
and 24 maple in north-central Nova Scotia; 
165 birch and 42 maple at Cape Breton, N.S.; 
14 birch and 8 maple at Green River, N. B. 
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annual examination of tagged trees in per- 
manent sample plots. Comparable data are 
not available for the other two areas. When 
two sample plots were established at Green 
River in 1939, all the 139 tagged yellow 
birch trees were alive, but on re-examina- 
tion in the late summer of 1944, 40 per- 
cent were dead. Since the greatest annual 
mortality recorded on permanent sample 
plots was about 14 percent (Fredericton 
1941), it is safe to assume that all the 40 
percent mortality in the Green River plots 
did not occur in 1943 and 1944. An ex- 
tensive cruise in 1939, in which over 800 
trees were classified, indicated that only 1 
percent of the yellow birch in the Green 
River region was dead at that time. Based 
on these cruise data and growth measure- 
ments the beginning of mortality on the 
Green River Plots is estimated at 1940. 
This is indicated in Figure 4 by a dotted 
line. From cruise data obtained in 1942 in 
two areas in north-central Nova Scotia it 
was determined that 5 percent of the yel- 
low birch was dead, which, according to 
accumulated mortality on other plots, would 
place the onset of mortality in this part of 
Nova Scotia at about 1940 (Fig. 4, dot- 
ted line). Just as later growth reduction 
indicates onset of dieback, the commence- 
ment of birch mortality in the four areas 
suggests spread of severe damage. 


Discussion. The dates of the occurrence of 
dieback, based on the growth divergence 
method and the dated observations (gen- 
erally based on advanced crown symptoms) 
of other workers, in different localities is 
shown in Figure 5. These indicate that 
dieback appeared later as the distance of 
each locality from central New Brunswick 
increased. About 1935 it occurred in the 
Fredericton area of New Brunswick (Fig. 
5 A). Nash (1943) reported that the dis- 
ease occurred in eastern Maine in 1939 
(Fig. 5, I, J). At the same time (Fig. 
5 H) dieback occurred in the Matapedia 
Valley (Brown, 1941; Martineau, 1948; 
Daviault, 1953). This record is supported 


by growth measurements of yellow birch 
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in the Cascapedia Valley, Quebec (Fig. 5 
EF), and mortality data for 510 birch in 
that region which were under observation 
since 1935. In 1940 light to moderate 
damage occurred in western Nova Scotia 
(Hawboldt, 1947) which agrees with the 
dating of dieback by growth measurements 
in the same locality (Fig. 5 B, F). At the 
same time dieback reached the northwest- 
ern boundary of New Brunswick (Fig. 5 
I). Nash et al. (1951) reported that se- 
vere damage occurred in the Kennebec 
Valley, Maine, in 1942, and as far west 
as New Hampshire (adjacent to Range- 


—-— MAPLE GROWTH 
—— BIRCH GROWTH 
QFr=FB BIRCH MORTALITY 


C: CAPE BRETON, N.S. 


RADIAL GROWTH (PER CENT OF 1923-32 AVERAGE) AND PERCENTAGE ACCUMULATED MORTALITY 
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ly, Maine) in 1944 (Fig. 5 K, L). Haw- 
boldt (1947) reported that early symptoms 
were apparent in Pictou County, Nova 
Scotia, in 1944 (Fig. 5 G). Farther east 
on Cape Breton Island growth data clear- 
ly show the presence of dieback in 1945 
(Fig. 5 C) and plot studies on the Island 
since that time indicate a northeasterly ad- 
vance of the disease. 

An extensive survey of yellow birch 
crown conditions, in parts of eastern Can- 
ada, was carried out in 1947 and 1948 
(Barter, 1949). This survey started at 
Green River, N. B., proceeded northward 
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Figure 4. Average radial growth and accumulated mortality of yellow birch and radial growth of 
sugar maple check trees for four widely separated areas in the Maritime Provinces. (D from un- 
published data of R. F. Morris with his permission.) Growth divergence is indicated by arrow. 
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into Quebec and westward from the Mont- 
morency River watershed to the Lake 
Gagnon area north of Thurso; in Ontario 
it commenced at Chalk River and extend- 
ed southward through Algonquin Park to 
Dorset, thence northward to North Bay 
and ‘Timagami. Further observations were 
made westward from Sudbury to Sault Ste. 
Marie and about 125 miles 
along the Algoma Central Railway to An- 
jigomi. 


northward 


At no place in Quebec was there evi- 
dence that dieback of yellow birch com- 
menced as early as it did in New Bruns- 
wick. Westward from Quebec to the Al- 
gonquin Park region of Ontario, crown 
symptoms were progressively less severe 
dieback farther 
there was no visible evidence of dieback in 


and more recent; west 


yellow birch, either in crown symptoms or 
radial growth. It is interesting to note how 
the results of the above survey agree with 
a statement made by Daviault (1953) ina 
report on sample plot studies, in Quebec, 
from the Gaspé Peninsula westward to the 
Ottawa River during a 5-year period, 
1947-1951: “The affects 


birch was first noted in the eastern part of 


trouble which 
the Province before it appeared in all the 
other regions ina westerly direction 

this particular behavior of the disease 1s 
further substantiated by the fact that the 
damage it has caused to the present, be- 
comes progressively less important as we 
Plot studies in 
Ontario (Sinclair, 1952) support these ob- 


proceed from east to west.” 


servations. 
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The approximate dates of the occurrence of birch dieback in the Maritime Provinces of 


Canada and the northern New England States of U.S.A. as determined from studies of tree 


growth and published reports on the disease. 
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Study of Climatic Factors 


Several references may be found in the lit- 
erature attributing dieback to climatic fac- 
tors. There have been two main lines of 
thought: one stressing subnormal precipi- 
tation, the other above-normal temperature. 
In all cases, however, these factors have 
been dealt with separately. Such individ- 
ual treatment is contrary to a basic prin- 
ciple in plant physiology, for it is well 
known that the moisture requirements of 
terrestrial plants increase with rising tem- 
perature, Therefore any scheme to corre- 
late these climatic factors with plant growth 
should make provision for the effect of tem- 
perature on the water need of the plants; 
that is, on potential evapo-transpiration. 
Measurements of potential and actual 
eVapo-transpiration can only be obtained 
from lysimeter studies but as these are 
scarce recourse must be made to the use of 
empirical formulae for calculating them. 
Thornthwaite (1948) and Thornthwaite 
and Mather (1955) devised formulae for 
calculating these important climatic factors 
from standard meteorological statistics as 
well as a simple bookkeeping procedure for 
determining the water balance. Though 
not perfected, the method is a valuable con- 
tribution to climatological and_ ecological 
research. Primarily designed to classify cli- 
matic regions, ‘Thornthwaite’s method is 
also useful for determining the seasonal, 
monthly, or daily water balance. For this 
reason climatic studies here” are based on 
Thornthwaite’s concept of potential evapo- 
transpiration which is more likely to expose 
periods of climatic stress that would not be 
obvious in the conventional sums of pre- 
cipiation or averages of temperature. 

In the water balance computations 

“The method used here follows exactly the 
procedure outlined in Appendix I, pp. 87-104, 
of “The Water Balance’? by Thornthwaite 
and Mather, 1955, op. cit. which gives full 
instructions for evaluating the water balance, 
and the necessary tables and nomograms used 
to simplify the computations, along with 
worked examples. 


(Tables 1 and 2) the basic relations are: 
(1) potential evapo-transpiration (PE), 
estimated from temperature data, is regard- 
ed as the demand for moisture, and precipi- 
tation (P) as the moisture supply; (2) 
while P exceeds PE, the actual evapo-trans- 
piration (AE) equals but cannot exceed the 
potential; there may be a surplus (S$), pro- 
vided soil moisture storage (ST) first 
reaches 300 mm., its assumed field capa- 
city; and (3) while PE exceeds P, AE 
equals PE so long as moisture is available 
from the soil (4 ST) to supplement P 
fully; afterward, AE is limited to concur- 
rent precipitation and there is a deficit (D) 
equal to the difference between potential 
and actual evapo-transpiration, 

It is apparent that the water balance is 
affected by temperature, total precipitation 
and distribution of precipitation. In eastern 
Canada the range of mean monthly tem- 
perature is not great, therefore monthly 
PE also has a rather restricted range and 
its influence on the water balance is not 
likely to be great. Figure 6 illustrates the 
range of monthly PE calculated from the 
recorded maximum and minimum mean 
monthly temperatures at four stations in the 
Maritime Provinces. By contrast, total 
monthly precipitation in eastern Canada is 
extremely variable from year to year and 
so has a great influence on the water bal- 
ance. The maximum and minimum meas- 
urements of total monthly precipitation are 
also shown in Figure 6. Less obvious than 
total precipitation, but of equal or even 
greater importance, however, is the effect 
of distribution of precipitation on the season- 
al met water balance (surplus minus defi- 
cit). Example computations (Table 2) for 
1937 at Fredericton, N. B., illustrate this 
point: (1) the June to August net water 
balance calculated from actual meteorologi- 
cal data shows a deficiency of 7 mm.; (2) 
the interchange of June and August pre- 
cipitation gives a net deficiency of 16 mm.; 
(3) the interchange of April and May pre- 
cipitation results in a deficiency in the June 
to August net water balance of 28 mm. or 
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four times that of the actual. The total 
precipitation is the same in all three ex- 


amples. Variations in monthly precipitation 
as large as these theoretical values are pos- 
sible as indicated by the curves of maxi- 
mum and minimum recorded monthly pre- 
cipitation for April to August at Frederic- 
ton (Fig. 6 A). 


cipitation during or preceding the growing 


Thus distribution of pre- 


season has a very great influence on the net 
water balance of the growing season, but 


TABLE 1 


this is not taken into account in analyses 
based on total seasonal precipitation. 


Results. The average length of the grow- 
ing season of yellow birch was determined 


from weekly dendrometer measurements of 


radial growth at breast height for four 
years, 1948 to 1951, at Fredericton, N. B. 
On the average, 90 percent of the total 
growth takes place in the period June to 
August inclusive (Table 3); however, a 


Water balance by months computed from normals of mean tem 


perature and precipitation for four stations in the Maritime Provinces of eastern 


Canada (all values in mm.). 


Station and Years Obs. | F M \ 


Fredericton (67) 
Potential 


eV = transpiration 0 () () 44 
Precipitation 98 79 9] 75 
fecuass 300 300 300) «300 
Storage change 0 0 0 0) 
Actual 

eVapo-transpiration 0 0 0 44 
Deficiency 0) 0 0 0 
Surplus 98 79 91 31 
Sydney (69) 
ae. 0 0 (0) 14 
4 isi C42 STS 1GZ 
cf 300 300 300 300 
A ST 0 0 () 0) 
AE 0 0 () 14 
D 0 0 0 0 
S St ‘iz. «83 88 
Nappan (26) 
r: & 0 0 0 21 
r 84 70 (98. 6 
sT 300 300 300 300 
A ST 0 0 0 0 
AE 0 0) 0 21 
D 0 0) 0 0) 
S 84 0 98 46 
Edmundston (25) 
P. E. 0 0 0 18 
P 74 35 45 51 
ST 300 300 300 = 300 
AST 0 0 0 0 
AE 0 0 0 18 
D 0 0 0 0 
S 74 55 45 33 
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292 210 225 204 212 


M J \ S O N D 
71 106 128 112 72 38 2 0 
79 96 89 101 90 104 97 87 
300 290 254 245 263 300 300 300 

0 —10 —36 —9 +18 +37 () 0 
71 106 125 110 72 38 2 0 

(0) (0) 3 2 (0) (0) () 0 

8 0) 0) 0 () 29 95 87 
54 Sz 23 tE3 76 44 14 0 
87 Fp 86 96 88 119 131 138 
300 280 248 234 246 300 300 300 

0 —20 —32 —14 +12 +54 0 0 
54 92 118 110 76 44 14 () 

0 0 5 3 0 0 0 0) 
33 0) 0 0 0 21 117 138 
66 100 123 110 73 42 7 0 
58 ee 69 81 81 101 91 99 


271 300 300 


— =. — ay 20 TS +59 +29 0 
66 99 114 102 73 42 7 0 
0 1 9 & 0 0 0) 0 
0 0 0 0 8 59 84 99 
68 108 124 107 69 32 0 0 
76 98 105 R85 88 72 77 63 
300 290 272 253 272 300 300 300 
0 ~10 —18 —I9 +19 +20 0 0 
68 108 123 104 69 32 0 0 
0 0) 1 3 0 0 0 0 

8 0 0 0 0 


12 77 63 








warm spring in 1949 noted elsewhere 
(Clark and Gibbs, 1957; Barter and Cam- 
eron, 1955) resulted in 15 percent of the 
seasonal growth occurring in May of that 
year. These measurements also showed a 
fairly good relationship between the rate 
of radial growth and weekly precipitation, 
indicating that yellow birch quickly re- 
sponds to available moisture during active 
growth. May and September rainfall had 
practically no effect on the beginning and 
cnding of seasonal growth. 

Although the growing season of yellow 
birch, June through August, suggested 
that this might be the best period on which 
to base climatic analyses, it remained, how- 
ever, to test other periods. Temperature, 
precipitation, and net water balance for 
periods of different lengths were compared 
with the growth of birch at four stations 
and tested by chi-square for significance. 
Three separate comparisons were made: 
(1) Trend, or the direction of change; if 


TABLE 2. The effect of distribution 
cvater balance. 


TABLE 3. A summary of séssonal 
radial growth of yellow birch from 
weekly dendrometer measurements 
during four years at Fredericton, N.B. 





N Percent total g vt 
Year trees May June to Aug Sept. 
1948 3 7 88 5 
1949 3 15 SS 0 
1950 38 & 9] 1 
1951 1 5 95 0 





the climatic and annual growth data in- 
creased or decreased in the same year the 
relation was positive, whereas opposing 
changes were negative. In this comparison 
there was one degree of freedom. (2) De- 
viation; if the climatic data were above or 
below normal when the growth was re- 
spectively greater than or less than the aver- 


age growth the relation was positive, where- 


of precipitation on the June to August net 


\pr May 

Example 1 
Actual data PF 24 “9 
for Fredericton, P 35 111 
N. B. AF 24 79 
1937 D 0 0 
S 11 32 

Example 2 
As above but with PF 24 79 
June and Aug. P 35 111 
precipitation AF 24 79 
interchanged D 0 0 
S 11 32 

Example 3 
As in Example 1 PE 24 79 
but with Apr. and P 111 35 
May precipitation AE 24 76 
interchanged D 0 3 
S 87 0 


\pr.to | O 
\ug. \ 
1€ ] \ Totals Net Bal 
110 $R0) 
122 F 418 
110 ‘ 119 461 
' 7 12 19 7 
as () 45 
110 136 131 480 
82 68 122 418 
109 124 128 464 
] 12 3 16 16 
0 0 0 43 
110 136 131 480 
122 68 82 418 
110 125 114 449 
0 11 17 31 28 
0 0) 87 
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as opposing deviations were negative. made in each case. (3) Trend and devia- 


Again there was one degree of freedom. tion combined; for a positive relationship 
In both of these, complete randomization both trend and deviation (as in 1 and 2 
of the data should result in equal numbers above) had to be positive at the same time; 
of positive and negative relations, hence the for a negative relationship both trend and 
“expected” values for the calculation of deviation had to be negative at the same 
chi-square, with one degree of freedom, time. All other combinations of trend and 
would be one-half of the total comparisons deviation were given a rating of zero; Le., 


A B G D 
FREDERICTON, N.B. NAPPAN, N.S. SYDNEY, N.S. EDMUNSTON, N.B. 


@———-@ MAXIMUM PRECIPITATION 
O=———© MINIMUM PRECIPITATION 
@—=—@ MAXIMUM P.E. 


We O=-=—=0 MINIMUM PE. 


MILLIMETERS 


A A M 


MONTHS 


Ficure 6. Range of total monthly precipitation and range of monthly potential evapo-transpiration 
computed for maximum and minimum monthly mean temperatures, April to August inclusive, at 


the four stations and for the periods of years indicated in Table 1. Data from Meteorological 


Records, Department of Transport, Canade. 
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sue 


no relationship. On this basis a random 
assortment of the data would result in the 
possible combinations illustrated in Figure 
7; hence the expected values for the calcu- 
lation of chi-square with 2 degrees of free- 
dom would be in the ratio of 1:2:1. The 
results of these analyses are summarized in 
‘Table 4. It is necessary at this point to ex- 
plain the terms “net water balance devia- 
tion from normal” and ‘“‘net water bal- 
ance.” Calculated from the normal values 
of temperature and precipitation, the water 
balance at Fredericton, N. B., Edmunds- 
ton, N. B., Nappan, N. S., and Sydney, 
N. S. (Table 1) shows small deficiencies 
occurring in the June to August period at 
all four stations. In other words the cli- 
mate of the Maritime Provinces is char- 
acterized by a small summer deficiency 
and a large winter surplus. The annual 
water balance, derived from meteorological 
data for one year, generally deviates from 
the expected climatic balance. Discounting 
the expected (normal) deficiencies and 
surpluses from the annual water balance 
gives the “net water balance-deviation from 


Positive relationship; trend similor, deviction similar 


Normal 4 combinations 





No relationship; 
(a) trend similar, deviation dissimilar 


Normal 





8 comoinations 


(b) trend dissimilar, deviation similar 


x 
S 
4 
Ss 


Normal 





Normal 





Figure 7. Possible combinations in the index 
correlations of yellow birch radial eroeth 


ind climatic factors, 


TABLE 4. Summary of statistical analyses of climatic factors and growth of 
yellow birch at four stations in the Maritime Provinces. 


Analysis Period 
s 
Precipitation, deviation from normal Apr.—May 
Precipitation, deviation from normal June—Aug. 
Precipitation, deviation from normal Sept.—Oct.! 
‘Temperature, deviation from normal Apr.—May 
emperature, deviation from normal June—Aug. 
remperature, deviation from normal Sept.—Oct.! 


Net water balance, deviation from normal Apr.—Oct. 

Net water balance, deviation from normal June-July 

Net water balance, deviation from normal June—Aug. 
Net water balance, deviation from normal June—Aug. 

(less Aug. surplus) 

Net water balance 

Net water balance 

Net water balance 

Net water balance (less Aug. surplus) 


Apr.—Oct. 
June—July 
June—Aug. 


June—Aug. 





1Compared with growth of following season. 
**Significant at 1% level. 


"Significant at 5% level. 


Significant chi-s 














Trend Deviation ition 
with | d.f with 1 d.f. i 
+% 
— —_ —_ — * —_— — 
—_— — — — * — — 
— om a —_ . —_ _— 
—_— —_— — lial -_— — — 
_ am == — * a — 
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normal.” “Net water balance” does not 
discount the expected climatic (normal) 
surpluses and deficits but is simply the total 
surplus minus the total deficiency for the 
period indicated. 

Based on trend alone climatic data 
showed no significant relationship with 
growth. For deviation alone the “June- 
August net water balance” gave a signifi- 
cant direct relationship, while the “April 
to October net water balance” gave a high- 
ly significant inverse relationship with 
srowth. The extension of the net water 
balance period beyond that of the growing 
season reverses the relationship. When 
trend and deviation were tested together, 
5 combinatiens of the net water balance 
for the period June-August gave signifi- 
cant positive results. On the other hand, 
precipitataion during April and May, and 
temperature during the three months of 
June-August gave a significant inverse re- 
lationship, with growth. The significant 
indirect relationship of the April-May pre- 
cipitation, like that of the April-October 
water balance in the analysis of deviations 
above, again points out the disadvantage of 
extending the climatic period beyond the 
June to August growing season. The high- 
ly significant indirect relationship of the 
June-August temperature is synonymous, 
in effect, with a direct relationship by the 
June-August water balance inasmuch as 
the water balance is itself inversely related 
to temperature. Net water balance, espe- 
cially during the growing season (June- 
August) or during the period when most 
of the growth takes place (June-July) is 
more closely related to radial growth than 
is precipitation. The June to August net 
water balance is the only combination that 
is significant in two out of three analyses. 
Thus the overall probability of wrongly 
accepting it becomes .05 x .05 or 1 in 400, 
which is less than the probabilities of similar 
errors associated with the acceptance of 
other combinations, even those that are 
highly significant in one column (Table 
4). 
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In view of the sensitivity of yellow birch 
to available moisture during the period of 
active growth, it is not surprising to find 
that, in general, annual growth varies di- 
rectly with the June to August net water 
balance (Fig. 8). The relationship is ap- 
parent both before the onset and during the 
course of dieback, indicating a continuous 
response of the trees to available moisture. 
However, the climatic data fail to explain 
the dramatic decline of annual growth to 
a minimum during the early years of die- 
back. 

Except at Nappan, N. S. (Fig. 8 B), 
June to August net water balance defi- 
ciencies just before the onset and during 
the early years of dieback were less than 
those which had occurred in earlier pe- 
riods. At Fredericton, N. B., water-defi- 
cient growing seasons had occurred from 
1903 to 1909 and from 1923 to 1926 in- 
clusive. Similarly at Sydney, N. S., succes- 
sive deficiencies occurred from 1907 to 
1914 and from 1928 to 1930 inclusive. 
There are no reports of widespread deteri- 
oration of yellow birch before 1918 that 
might be attributed to the earlier of these 
drought periods, nor is there evidence in 
the growth patterns since 1918 to indicate 
that the trees did not recover fully from 
the later drought periods. There is no evi- 
dence that abnormal climate preceded the 
onset of dieback in central New Bruns- 
wick about 1935 or in Cape Breton Island 
ten years later. 

At Nappan, N. S., there were deficien- 
cies in the June to August net water bal- 
ance from 1932 to 1937 inclusive, but at 
Edmundston, N. B., for the same period 
deficiencies were negligible. Despite the 
more favorable water balance at the latter 
location, dieback (dated by sugar maple 
and yellow birch growth divergence) oc- 
curred simultaneously in north central 
Nova Scotia and northwestern New Bruns- 
wick. In addition, the pre-dieback rising 
growth trend and higher vigor of the 
Green River trees, contrasting with the de- 
clining growth trend and lower vigor of 


those in central Nova Scotia, was neither a 
deterrent to the onset of dieback nor a 
guarantee against rapid growth reduction 
immediately thereafter. Indeed the more 
vigorous trees (Green River) suffered the 
greater growth-reduction. This observa- 
tion is supported by growth data from vig- 
orous and non-vigorous stands of yellow 
birch at McKiel Brook and Bartholomew 
River respectively, only 30 miles apart 
(Fig. 5). The similarity of their growth 
curves (Fig. 9) is no doubt due largely to 
the direct response of the two stands to the 
same climatic conditions but the simultane- 
ous occurrence of dieback (about 1936 or 
1937 by the growth divergence method of 
dating) caused a much more drastic 
growth reduction in the faster growing 
stand at McKiel Brook. Further investi- 
gation was made of vigor in relation to die- 


—— BIRCH GROWTH 
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back by comparing the temporary growth 
reduction accompanying a known drought 
ot Fredericton, N. B., with the more pro- 
longed reduction due to dieback (Fig. 10). 
It is evident that the more vigorous trees 
experienced the lesser growth decline dur- 
ing drought and the greater decline during 
the early years of dieback. Similar compar- 
isons of data from other localities show that 
this behavior was fairly general through- 
out the Maritime Provinces. This does not 
mean, however, that the high vigor trees 
suffered the greatest mortality from die- 
back. The point is that vigorous and less 
vigorous stands and individual trees were 
affected simultaneously as dieback ad- 
vanced into a locality, and that during the 
early years of dieback the more vigorous 
trees suffered the greater reduction in per- 
centage of crowth. 


RADIAL GROWTH 2 PERCENT OF 1923-32 AVERAGE 


YEARS 


Ficure 8. Average radial growth and annual mortality of yellow birch and the June-August net 
water balance for the same localities represented in Figure 3. 
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‘The post-dieback return) to normal 
growth rate at Fredericton, N. B., and par- 
tial return to normal in Cape Breton Is- 
land, N. S. (Fig. 8 A, C), were not ac- 
companied by outstanding changes in cli- 
mate. The steady recovery at Fredericton 
continued despite a 3-year period of water 
deficiencies, 1948 to 1950 inclusive. Fur- 
thermore, with the exception of 1950, the 
June to August temperature at Fredericton 
was above normal from 1944 to 1953 in- 
clusive. Similarly at Sydney, N. S., the 
June to August temperature was above nor- 
mal from 1949 to 1953 inclusive while the 
net water balance was mostly deficient, yet 
an appreciable upward trend in growth 
took place during that time on Cape Breton 
Island. 

Annual mortality (Fig. 8) does not 
show a clear relationship with the June to 
August net water balance. This is not sur- 
prising since many of the trees no doubt 
died during other times of the year. In 
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Figure 9, Average radial growth of yellow 


birch in two stands, of different vigor, af- 
fected by dieback at the same time. 
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( surviving 
normal precipitation (A) and during the 


early years of dieback (B). 


dieback ) during a pert fl J sub- 


fact at Fredericton, mortality appears to be 
inversely related to the June to August net 
water balance. 


Discussion. The net water balance for the 
growing season gives a more realistic pic- 
ture of complex moisture relations in the 
forest than the conventional sums of pre- 
cipitation or averages of temperature can 
provide. ‘The concept of evapo-transpira- 
tion as a function of field capacity defi- 
ciency (Thornthwaite and Hare, 1955) 
considers the soil moisture reserve to be 
only partly available to plants because with- 
drawal of moisture makes the remainder 
increasingly more difficult to remove. It 
acknowledges that a certain degree of 
drought occurs soon after soil moisture 
supplies begin to be used. Utilization of soil 
moisture in April and May therefore could 
result in a coetaneous deficiency that would 
make the usually inadequate rains of the 
June to August period the more severe 
(Tables 1 and 2). In the Maritime Prov- 
inces of Canada, a region that annually ex- 
periences a large autumn, winter, or spring 
water surplus, the growth of yellow birch 
has been closely related to the June to Au- 
gust net water balance both before and 
during dieback. However, the meteoro- 


on Rs 


logical statistics fail to show that above nor- 
mal need (due to high temperature) or 
subnormal supply (low rainfall) was di- 
rectly responsible for the drastic reduction 
in growth which characterizes the early 
years of the disease. 

Redmond (1957) found 90 percent of 
the feeding rootlets of yellow birch in the 
upper 5 cm. (including litter) of the soil. 
\ided by surface evaporation, such a con- 
centration of absorbing rootlets might de- 
plete the upper 2 inches of the forest floor 
below its field moisture capacity in April 
and May when replenishment of the in- 
ternal moisture content of the tree is rap- 
idly progressing (Clark and Gibbs, 1957). 
Such depletion of the soil water in the re- 
gion of the feeding rootlets would create a 
potential stress on the moisture regime 
which, according to the present analysis 
of the water balance, might develop into a 
severe net deficiency during the June to 
August growing season. In a 4-year study 
of the moisture requirements of yellow 
birch Clark and Gibbs (1957) found that 
two water-deficient summers actually low- 
ered the moisture content of twigs but they 
concluded, “there is no evidence that these 
or other water-deficient summers since 
1897 might have been drastic enough to 
initiate the dieback of birch.” 

Braathe (1958) relates birch dieback to 
the March thaw of 1936. It has already 
been pointed out that Balch and Prebble 
(1940) dated the beginning of dieback in 
central New Brunswick at approximately 
1932. Growth data in Figure 4+ show that 
growth reduction, no doubt accompanied 
by advanced crown symptoms, definitely 
occurred in central New Brunswick in 
1935. The approximate date of 1932 
agrees with the evidence, whereas 1936 
does not. On the basis of the apparent 
“uniformity” of dieback in 1956 (about a 
quarter of a century after the disease be- 
gan) Braathe assumes that its initiation also 
must have been simultaneous and uniform, 
almost catastrophic. Published reports of 
the disease (Fig. 5) and other evidence 


presented in this paper clearly show that 
such was not the case. 

Studies of climate and birch dieback in 
New Brunswick and Nova Scotia by Haw- 
boldt (1952) and in the Province of Que- 
bec by Pomerleau (1954) led these work- 
ers to the conclusion that the disease was a 
physiological disturbance brought about by 
a general warming up of the climate in 
eastern Canada since the early 1920s. 
Summer temperatures have increased 1.8 
F. in Nova Scotia and 2.4° F. in New 
Brunswick (Hawboldt, 1952), and about 
3° F. in the City of Quebec (Pomerleau, 
1954). The implied inability of the trees 
to readjust to these small gradual changes 
is hard to explain in the light of Fraser’s 
(1957) and Redmond’s (1957) experi- 
mental results. During ecological studies 
on a yellow birch site at Chalk River, On- 
tario, Fraser noted that a “10-degree (F.) 
increase of soil temperature on the experi- 
mental plot in 1955 as compared with 
1954, was not accompanied by a notice- 
able change in health of birch trees located 
thereon.” By artificially raising the soil 
temperature 2° C. (3.6° F.) from June 3 
to September 6, 1953, Redmond increased 
the mortality of yellow birch rootlets from 
6 to 60 percent, but he stated, “on Sep- 
tember 6 new rootlet development was 
found at a depth of six inches under an area 
where all roots two to three inches deep 
had been killed. Obviously the tree was 
attempting adjustment to the altered en- 
vironment.” Thus in only one growing 
season, and concurrently with elevated soil 
temperature, the trees made some progress 
in readjustment of their feeding rootlets to 
deeper levels. Redmond noted also that, 
“excavations made October 14 showed that 
new rootlets had begun already to develop 
in the soil where killing had occurred ear- 
lier because of heating.” In other words, 
only five weeks after the artificially heated 
soil was allowed to return to its natural 
temperature, the trees were producing new 
feeding rootlets at the same depth as those 
which had been killed by heat a few months 
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earlier. In summation of his findings Red- 
mond pointed out that, “in this case, initi- 
ation of the increase was abrupt and the 
roots had little chance to prepare defence 
against it through relocation as would have 
been possible if it had been brought about 
gradually.” 

Pomerleau (1949, 1953) claims that in 
the Province of Quebec dieback is not con- 
fined to birch but that it is prevalent also 
in other hardwood genera and even in some 
coniferous species. In the Maritime Prov- 
inces there has been no widespread deteri- 
oration and mortality of other species ex- 
cept that caused by the spruce budworm 
(Choristoneura fumiferana Clem.). The 





specific nature of birch dieback was early 
noted and illustrated by Balch and Prebble 
(1940, Fig. 3). 


present healthy condition of other hard- 


Figure 11 illustrates the 


woods in comparison with the almost com- 
plete devastation of birch in the same stand, 
a condition observable throughout the 
region. 

Clark and Gibbs (1957) and Redmond 
(1957) have already noted the failure of 
the climatic change theory to fit the pattern 
of apparent spread of birch dieback (Fig. 
4), 

‘That there has been a warming up in 
the northern hemisphere, particularly north 





Figure 11, Aerial photograph of a hardwood forest in central New Brunswick taken on July 10, 
1957. The remains of large yellow birch trees killed by dieback contrast with the healthy crowns 
of other hardwoods, mostly maple. (Photo. R. E. Balch.) 


360 Forest Science 





of the 40th parallel, over the past few dec- 
ades, is supported by much evidence (Shap- 
ley, 1953). However, if the birch deterio- 
ration was in the first instance the result of 
increasing temperature it is logical to ex- 
pect the earliest deterioration would have 
appeared in the warmer areas of the vellow 
birch range, that is towards the southern 
and western boundaries. Similarly, any 
improvement in the condition of the trees 
due to relief from the heat stress, would be 
expected to appear first in the cooler areas 
of the tree’s range, that is, in the Maritime 
Provinces and particularly near the coasts. 
Such expectations are not borne out by the 
reported occurrence of and recovery from 
the disease. 

The dissimilar growth behavior of high 
vigor and low vigor trees during drought 
and dieback further detracts from the cli- 
matic theory. The greater growth reduc- 
tion of the more vigorous trees during die- 
back is an interesting feature of the dissim- 
ilarity. A possible explanation is found in 
a statement by Bawden (1950, p. 34) de- 
scribing the reaction of plants to viruses: 
“Almost invariably, the more vigorously a 
plant is growing at the time of infection, 
the more pronounced will be the symptoms 
and the more generally will they occur 
over systemically infected plants.” On the 
basis of Bawden’s statement the data pre- 
sented here on the growth behavior of vig- 
orous yellow birch trees, seem to support 
Berbee’s (1957) observation that “many 
of these (dieback) symptoms seemed to be 
typical of virus diseases.” If a virus is re- 
sponsible for dieback, the actual evapo- 
transpiration or the availability of soil mois- 
ture might be among the most important 
regulators of the condition of the material 
on which the virus depends for its activity. 


Summary and Conclusions 


1. Studies of the radial growth of yel- 
low birch at different levels in the 
tree show that growth reduction due 
to dieback was simultaneous through- 
out the tree. This justified the use 


Ww 


of growth at breast height as a 
measure of growth behavior of the 
tree, 

Studies of the seasonal growth of yel- 
low birch show that 90 percent or 
more of the total radial increment 
takes place during June to August 
inclusive. 

The growth curves of yellow birch 
and sugar maple behaved similarly 
until the commencement of dieback, 
when the growth of birch was dras- 
tically reduced for a lengthy period 
while that of the maple fluctuated 
normally. The points of divergence 
of birch and maple growth curves 
are used as a means of dating birch 
dieback. 

The growth of birch in the Mari- 
time Provinces of Canada, before 
the onset and during the course of 
dieback, is related to the June to 
August net water balance. High 
temperature and low rainfall in 
April and May bring about early 
seasonal utilization of the soil mo‘s- 
ture reserve, thus making the usually 
inadequate precipitation of the June 
to August period the more severe. 
This important effect of the distribu- 
tion of precipitation is not allowed 
for in analyses based on total pre- 
cipitation. 


The growth reactions of yellow birch 


trees during drought and when af- 
fected by dieback are different. Dur- 
ing a period of drought in the early 
1920’s high vigor trees showed 42 
percent growth reduction as com- 
pared with 53 percent for low vigor 
trees; during the early years of die- 
back the percentages were 56 and 37 
respectively. 

Growth trends of yellow birch in 
different areas lead to the conclusion 
that dieback actually spread from 
central New Brunswick. This con- 
clusion is supported by mortality 
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data and by the published reports on 


the occurrence of the disease. 


Analyses of climatic data according 


to Thornthwaite’s water balance 
technique have revealed a more re- 
alistic basis of evaluating the effect 
of climate on the growth of yellow 
birch than the conventional sums of 
precipitation or averages of temper- 
ature can provide. The water bal- 
ance variations and the fact that 
growth reduction was greatest in 
vigorous trees cannot be reconciled 
with the hypothesis that dieback is a 
purely physiological — disturbance 
brought about by climatic. stress; 
nor is there a coherent theorem of 
the mechanism by which the sug- 
gested physiological disturbance is re- 
lated to climatic factors. Instead, 
these facts, together with our evi- 
dence of spread and Berbee’s descrip- 
tion of typical virus symptoms, sug- 
gest that birch dieback is an infectious 


disease. 
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mitted for each illustration, but the caption 
should be typewritten on a separate sheet. 

All figures should be numbered consecutive- 
ly. If only one is submitted it should be 
designated Figure 1. On the margin or back of 
each illustration should be written lightly in 
soft pencil the number of the figure, the name 
of the author, and an abbreviated title. 

Photographs should be sharp and clear, print- 
ed on glossy paper. They should not be smaller 
than 4 by 5 inches. Sizes 5 by 7 inches and 
8 by 10 inches are preferable. Photographs 
should never be rolled or bent. Care should be 
taken in fastening photographs with paper clips 
which often make indentations that show up 
in reproduction. 

Drawings, maps, charts, and graphs are re- 
produced as line engravings. They should be at 
least twice as large as they are to appear when 


reproduced, and should be drawn in india ink 
on heavy white paper, or tracing cloth. 


Footnotes 


To indicate a footnote, place a superior fig- 
ure after the word that refers to the note. 
Consecutive numerals should be used, never 
asterisks. Separate the footnote from the text 
by running a line about one inch inward from 
the left margin of the type. 

Use footnotes to give credit to unpublished 
material and communications. If only a few 
references to literature are made (less than one 
per 1000 words), complete literature citations 
may be given in footnotes rather than in a 
separate listing. 


Literature Cited 


In Forest Science practice, references to 
literature citations are designated by the au- 
thor’s name and year of publication inserted in 
parentheses at the appropriate place in the text. 
If there are more than two authors, list only 
the senior author’s name in the text with the 
abbreviation ¢# al. Example: (Smith ¢¢ al., 
1954). Only published references should be 
given in Literature Cited. Periodical abbrevi- 
ations should follow Guide to the use of For- 
estry Abstracts, Commonwealth Forestry Bu- 
rean, Oxford, England, 1950. 


Nomenclature and Terminology 


When a species is first mentioned in a paper 
its common name may be immediately followed 
by its italicized scientific name in parentheses, 
but this latter name need not be repeated. 

As the authority for the exact spelling of 
tree names, Forzesr Science follows Check 
List of Native and Naturalized Trees of the 
United States (including Alaska), Agriculture 
Handbook 41, Forest Service, U. 8. Dept. 
Agric., Washington, D. C., 1953. 

For the spelling of other plant names, con- 
tributors should follow Stenderdized Plaont 
Nemes, 2d Edition, J. Horace McFarland 
Company, Harrisburg, Pa. 1942. 

Technica] usage in forestry and allied fields 
follows Forestry Terminology, 3rd Edition, So- 
ciety of American Foresters, Washington 6, 
D. C. 1958. 

There are many style manuals available for 
the guidance of writers. One of the best is the 
Style Manual of the U. S. Government Print- 
ing Office, Washington 25, D. C. 1953. 

Webster’s New International Dictionary is 
the accepted authority for general spelling. 
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